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PREFACE 


The general plan of the book remains uncliangcd. An effort has been made 
to incorporate the important additions to the subject of Histology as recorded 
in the recent literature, more csiK*ciaIly in the Anatomical Record and the American 
Journal of Anatomy. There arc many new illustrations from various sources duly 
credited. The chapter on the lllood has been entirely rewritten. The cliapters on 
Muscle, the Endocrine Organs, the Eeniale Reproductive System and the Blood 
Vascular System ha\e been thoroughly revised. Other changes include removal of 
literature citations from the text, and elimination of the chapters on Histologic 
Technic and the Directions for Laboratory Work. Experience has shown that 
teachers of Histology prefer to prepare and use their own laboratory outlines, more 
suitable to variable local conditions. There is now so little time available in the 
general course in Histology for training in technical procedure, and there exist now 
so many special books on technical methods that a chapter on Technic no longer 
seems to serve any necessary purpose. Ihc liistological literature has had sucli a 
vigorous growth during the past decade that further text inclusion of references 
would seriously disrupt the thought continuity of the reader. Accordingly, all ref- 
erences are recorded as footnotes and rcasscinhlcd in a bibliographical list at the 
end of the book. The aim was to make this list moderately extensive, to include 
all of the more important publications. for.Uic convenience of the student who may 
wish to pursue the study of particular subjects licyond the restricted practical 
limits of the textbook. Tlic author lias tried to'profit from tlioughtful suggesions 
from many sources, and takes this opportunity tp' express his deep appreciation for 
much very generous cooperation. 


H. E. Jordan 
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PREFACE 


The general plan of tlie book remains uiicliaiigcd. An cfTort has been made 
to incorporate the important additions to the sidiject of Histology as recor<lcd 
in tlie recent literature, more especially in the Anatomical Record and the Atiicrican 
Journal of Analoiny. There arc many new illustrations from various sources duly 
credited. The chapter on the HIooi! has been entirely rewritten. The chapters on 
Muscle, the Endocrine Organs, the Female Reproductive S}.stcm and the lilood 
Vascular System have been thoroughly revised. Other changes include removal of 
literature citations from the te.xt, and elimination of the chapters on Histologic 
Technic and the Directions for Laboratory Work, Experience has shown that 
teachers of Histology prefer to prepare and use their own laboratory outlines, more 
suitable to variable local conditions. There is now so little time available in the 
general course in Histology for training In technical procedure, and tliere exist now 
so many special books on technical methods tliat a chajifcr on Tcclinic no longer 
seems to serve any necessary purpose. 1 he histological literature has had such a 
vigorous growtl) during the past decade that furtlier text inclusion of references 
would seriously disrupt the thought continuity of the reader. Accordingly, all ref- 
erences arc recorded as footnotes and reassembled in a bibliographical list at tlie 
end of the book. The aim was to make this list moderately extensive, to include 
all of the more important publications, for.thc convenience of the student who may 
wish to pursue the study of particular subjects licyond the restricted practical 
limits of the textbook. The author has tried to'profit from tlioughtful suggesions 
from many sources, and takes this opportunity to e.xprcss his deep aj>preciation for 
much very generous cooperation. 


H. E. Jordan 
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demands, by putting the more essential and what we regard as additionally desir- 
able in different type. 

References to the recent literature are inserted for the student who may wish 
to consult the more important original works upon which the later developments 
of Histology have advanced. 

We gratefully acknowledge our indebtedness for illustration and data taken 
from the recent and earlier literature, and our obligations to the publishers for 
their kindly help and courtesy. 

Harvey Ernest Jordan * 
Jeremiah S. Ferguson 
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A TEXTBOOK OF HISTOLOGY 


CHAPTER I 

THE PROTOPLASM AND THE CELL 

Definition. — Histolojjy is the science of tissue structure, plant or animal. It 
concerns itself, therefore, chiefly with the structural characteristics and inter- 
relationships of the component elements of tissues. These elements arc the cells. 
and the material connecting or separating the cells, the hUcrccUular substances. 
A tissue consists of cells associated in the i>erforinance of a specific function. A 
cell may be defined in a preliminary way as the unit of organic structure and 
function. The minuter details of histology involve also cell 
anatomy or cytology. Here we meet with the essential sub- 
stance of the cells, the protoplasm, or bioplasm, the ‘^material 
basis of life.” We also meet with the chief “organ” of cells, 
the jniNcitj. A more precise definition of a cell may accord- 
ingly be given as a circumscribed mass of protoplasm con- 
taining a nucleus (Fig. i). A complete histologic description 
embraces, therefore, details of the relationships of the com- 
ponent cells of a tissue, and of the protoplasmic structure 
and nuclear characteristics of the types of cells involved. 

Histology includes further the data of tissue origin and dc- p 
velopment, or histogenesis, and of cell origin and develop- Sphero^aiTce^^s 

ment, or cytogenesis Cells are the building stones of tissues : , 

f ovum from ovary 

tissues combine to form organs; organs arc associated into of a child ; p, spermato- 
systems. Animal histology is accordingly a part of general ; and j, spermatid, 
anatomy; it is tissue anatomy, that part of human histology rabbit ^ 
which considers the relationships between tissues in organs eosio. 
is sometimes spoken of as microscopic a;ia/amy. 

Historical Development.— Modem human histology had its origin in the work 
of Bichat (1771-1801). He did not employ the microscope; but his careful and 
extensive studies of the minute anatomy of tissues gave the impulse and general 
outline for later studies by means of the microscope through which mammalian 
histology has grown to a relatively complete science. Great impetus was given 
also by the announcement of the cell theory of Schleiden and Schwann in 18^0 
namely, the statement that all tissues are composed of structural units or celL 
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It is an aggregate of colloids and crystalloids. The physicochemical laws which 
govern the cr)“stal1oit1s and colloids underlie the projwrtics of living matter. An 
organism is essentially an aqueous solution, holding in suspension colloidal sub- 
stances of great complexity. Ciy'stalloids arc diWsihlc into two groups : electrolytes 
and nonclcctrolytes. The one (salts, acids, bases) in solution conducts the electric 
current, the other (urea, sugar) does not. Colloids exist in two states, a liquid or 
sol state, and a Jcniiro/td or (jcl state. Tlicrc exists no sharp line of division be- 
tween colloids and crystalloids ; these terms designate phases or states rather than 
substances; between them lie all kinds of intermediate grades. Protoplasm is a sol; 
and since its fluidity is due to water, it is commonly classed as a hydrosol. It passes 



Fic. 2 . — Awfjh Proteus tx JfoTio.v. 

(%•, contractile vacuole, fv. food \3cuole. «. nucleus; «'v, water vacuoles. The arrows 
indicate the direction of the protoplasnuc flow Note llie peripheral fiongranuJar ectoplasm, and 
the granular endoplasrn (From Catkins, Biology. H Holt & Co , after Sedgwick and UMson ) 


readily into a gel condition, thus becoming a hydrogel. In living protoplasm this 
metamorphosis is a reversiWe process Agents which effect an irreversible gelation 
of protoplasm tend to bring life to a standstill. Fixation, or killing, of tissue for 
microscopic study consists in a separation of the more solid part of colloidal pro- 
toplasm from a more liquid part. Death is histologically such a process of coagula- 
tion. Living protoplasm may be studied to good advantage in the one-cell animal 
forms, ameba (F,g. 2 ) or paramecium (Fig. 3 ). These and other equallv favonhle 
protozoan forms are readily available from hay infusion cultures, and can be 
profitably employed for the demonstration also of the simpler modes of proto 
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In less complete form the cell theory had been advanced by earlier investigators, 
by Mirbel^ (1808), by Lamark (1809) and by Dutrochet® (1824). Other epochal 
steps in histologic science were the recognition of the nucleus by Robert Brown 
in 1833. and of protoplasm by von Mold in 1846. Cytology arose almost as an 
incident to embryology. It traces its origin to the work of O. Hertwig on the 
fertilization of the sea urchin’s egg (1875) and the substantially identical observa- 
tions, made independently and simultaneously by II, Fob It is the infant anatomic 
science, its late development being due, largely, to its dependence upon the optical 
and mechanical refinements of the microscope. It deals with fundamental structures 
within the limits of visibility, and is destined to grow to vast proportions, as the 
already voluminous literature on mitochondria (plastosomes) in part foreshadows 

Relation to Other Biologic Sciences. — Histology aims to complete anatomic 
knowledge. It is thus the complement of gross anatomy. It furnishes also essen- 
tial preliminary data for the understanding of pathology; abnormal structure and 
function become fully intelligible only in the light of normal histology. It is 
fundamental also to physiology, the science of normal function, 

A certain function demands a specific structure; structure and function sus- 
tain reciprocal relationships. Norma! function depends upon the normal structure 
of the cells involved in the function; abnormal function, or disease, is associated 
with altered cellular structure. Histology gains enormously in interest and value 
to the student who will keep in mind the function that a certain structure under 
consideration is called upon to perform. Embryology also to a considerable extent 
builds upon histologic and cytologic data. 

PROTOPLASM 

Chemical Constitution. — The unit of both structure and function is the cell. 
The essential constituent of cells is protoplasm. Protoplasm may be thought of 
as a physiochemical mechanism Chemically, it is a very complex aqueous mix- 
ture of substances, containing the elements, carbon, oxygen, hydrogen, nitrogen, 
and small quantities of sulphur, phosphorus, calcium, sodiiun, chlorine, magne- 
sium, potassium and iron. 

The principal compounds of protoplasm are proteins, which furnish the main 
source of energy expended in function; carbohydrates; fats; water, which con- 
stitutes about three-quarters of its weight; and inorganic salts. It is believed by 
one school of biologists (mechanists) that if we had the formula for the proper 
stereo-isomeric association of the elements and compounds of protoplasm, life 
could be artificially produced; another school of biologists (vitalists) assume an 
additional vital principle as a prerequisite for life. 

Physical Constitution. — Physically, protoplasm is a granular semifluid or 
gelatinous substance. It possesses properties characteristic of both solids and liquids. 


Gerould, 1922 . 
Goss, 1937- 
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It is an aggregate of colloids and crystalloids. Tlie physicocliemical laws which 
govern the crystalloids and colloids underlie the properties of living matter. An 
organism is essentially an aqueous solution, holding in suspension colloidal sub- 
stances of great complexity. Crystalloids arc divisible into two groups : electrolytes 
and noneIcctrol3'tes. The one (salts, acids, bases) in solution conducts the electric 
current, the otlier (urea, sugar) does not. Colloids exist in two states, a liquid or 
sol state, and a semisolid or gel state. There exists no sharp line of division be- 
tween colloids and crystalloids ; these terms designate phases or states rather than 
substances ; between them He all kinds of intermediate grades. Protoplasm is a sol ; 
and since its fluidity is due to water, it is commonly classed as a hydrosol. It passes 



Fic. 2 . — Ameba Proteus ix Motion. 

contractile vacuole, fz', food >aaioIe; »i . nucleus, ter, w.nter vacuoles. The arrows 
indicate the direction of the protoplasmic flow Note the peripheral nongranular ectoplasrfi and 
the granular endoplasm. (From Calkins, Biology. H. Holt & Co, after Sedgwick and Wilson.) 

readily into a gel condition, thus becoming a hydrogel. In living protoplasm this 
metamorphosis is a reversible process. Agents which effect an irreversible gelation 
of protoplasm tend to bring life to a standstill. Fixation, or killing, of tissue for 
microscopic study consists in a separation of the more solid part of colloidal pro- 
toplasm from a more liquid part. Death is histologically such a process of coagula- 
tion. Living protoplasm may be studied to ^od advantage in the one-cell animal 
forms, ameba (Fig. 2) or paramecium (Fig. 3). These and other equally favorable 
protozoan forms are readily available from hay infusion cultures, and can be 
profitably employed for the demonstration also of the simpler modes of proto- 
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plasmic activity, and of the changes suffered by protoplasm in passing 
living to the dead condition. Since protoplasm is commonly organi^jcd ^ 
the next step demands a knowledge of a typical or generalized cell. 


THE CELL 


A generalized cell is of spheroidal shape (unmodified by pressure) ‘ ' 
tains certain organs and a variety of fundamental and secondary elements ‘ ' 
A cell (or protoplast ; Hansteii 



mass of protoplasm endowed w) 
properties. The confines of such a 


mass of protoplasm exist in a cell me 
'i-- This represents a differentiation prc^.„J 

• Ci protoplasm; when robust as in plant 

' ■ k • forms a cell wall. In certain cell'’* 


, white blood cells, it is apparently ir ' 

I ^ ' <5 ' r however, in these so-called naked cC4 

f , ' • i' peripheral layer of protoplasm is mot... 
■■■ \ j’ densed and most probably subservr- 

• V osmotic function of a distinct membra 



Fxo. 3 — Paramecium Caudatum 
Note the peripheral cilia and the 
granulo-alveolar character of the proto- 
plasm (From Catkins, Biology, H. Holt 
& Co ) 

Nucleus. — ^The protoplasm comp 


fact, the surfaces of protoplasm posse 
properties of semipermeable memb 
probably lipoid in nature. An essential « 
of the cell is the nncleus. It is trophic in * 
tion, the center of oxidation processei 
certain protozoa this is represented by 
tered nuclear materials or granules (Fig 
The shape of the nucleus is spherical; 
cally it has a central location, but it 
quenlly assumes eccentric positions. ] 
physically denser and more elastic thar, 
extranuclear protoplasm. Its periphery s 
lates, or perhaps consists of, a membi 
the nuclear tcall. Whether as a membra 
be complete or reticulated, whether 
nuclear, cytoplasmic or composite origin 
undecided points. Certain results of in\ 
gations on the nuclear membrane suj 
that it is fenestrated ; such conditions w 
permit of an easy escape of nuclear mat 
.into the cytoplasm. 

iging the nucleus is known as iincleoplasi 


haryoplasm; that constituting the remainder of the cell, the cytoplasm. The nu( 
constituents include a more fluid ground substance or nuclear sap (karyolyni 
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f^aralinin), throughout which extends a delicate reticulum of linin threads (Fig. 
4). Upon these linin or achroinatin threads are supported, more abundantly at the 
points of intersection of the mesh, granules {chromiolcs) and masses (uct huots) 
of a substance staining deeply in the basic dyes, the chroni'aitii. Spheroidal net 
knots are known as karyosoines. The linin is said to be achromatic. Whether it is 
chemically different from chromatin or simply more attenuated chromatin is dis- 
puted. The “chromatic” granules themselves undergo changes in stainability : on 
the basis of reaction to acid and liasic d^-cs, this substaticc is divided into oxy~ 



Fig. 4 —A Gen'fjializeo Cell. 

0, cxoplasm; b, endoplasm; c, spongioplasm . rf. Iiyaloplasm ; c, microsomes; f, chromidia; 
g, centrosome (centriolc) ; h. centrospherc ; 1, coll membrane; deutoplasmic granule; k, fluid 
vacuole, or oil drop ; I, mitochondria or plastosomcs . i». nuclear membrane ; it, nucleolus ; 0, linin ; 
p, karyosome; q, chromatin (net knot) ; r. foreign inclusions, pigment, etc, (nietaplasm). 

chrouiatin (lantanwc) and basichromatin. Linin and chromatin are regarded by 
some as different phases in the elaboration of the same substance. The nucleus 
includes, furthermore, usually one, frequently more, nucleoli. These do not grade 
into the nuclear sap, like the nuclear network, but are limited by a sharp line of 
demarcation. They may he achromatic, when they are known as plasmosoiucs, or 
they may take on chromatin, becoming chromatin iii(c/<?o/i. It is uncertain whether 
the latter are identical in all cases with the karyosomes. The difference among 
nucleoli is more probably one of degree of abundance of chromatin. The nucleus 
IS the metabolic organ of the cell ; without a nucleus a cell may continue to live 
{or a time, but it can neither grow nor undergo progressive differentiation. All 
changes in enucleated protoplasm are regressive, leading to death. The nucleus 
IS also large y the reproductive center, as will be described below. The nucleolus 
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plasmic activity, and of the changes sufTcrccl by protoplasm in passing from the 
living to the dead condition. Since protopbsm is commonly organi;?C(l into cells, 
the next step demands a knowledge of a typical or generalized cell. 



\ 






. THE OELI. 

A generalised cell is of spheroidal sha{)c (unmodified by pressure) and con- 
tains certain organs and a variety of fundamental and secondary elements (Fig. 4). 

A cell (or protoplast; Hanstcin) is a 
mass of protoplasm endowed with vital 
properties. The confines of such a cellular 
mass of protoplasm exist in a cell membrane. 
Tills represents a differentiation product of 
protoplasm; when robust as in plant cells, it 
forms a cell tvall. In certain cells, c.g., 
white blood cells, it is apparently lacking; 
however, in these so-called naked cells the 
peripheral layer of protoplasm is more con- 
densed and most probably subserves the 
osmotic function of a distinct membrane. In 
fact, the surfaces of protoplasm possess the 
properties of scmipermeable membranes, 
proijably lipoid in nature. An essential organ 
of the cell is tbe-HMclcnr. It is trophic in func- 
tion, the center of oxidation processes. In 
certain protozoa this is represented by scat- 
tered nuclear materials or granules (Fig. 5). 
Tlie shape of the nucleus is spherical; typi- 
cally it has a central location, but it fre- 
quently assumes eccentric positions. It is 
physically denser and more elastic than the 
extranuclear protoplasm. Its periphery simu- 
lates, or perhaps consists of, a membrane, 
the nuclear Xixill. Whether as a membrane it 
be complete or reticulated, ^vhether of 
nuclear, cytoplasmic or composite origin, are 
undecided points. Certain results of investi- 
gations on the nuclear membrane suggest 
granulo-aiveolar character of the proto- that jg fenestrated ; such conditions Would 
plasm (From Calkins, Bwlagy. H. Holt escape of nuclear material 

^ .into the cytoplasm. 

Nucleus. ^The protoplasm composing the nucleus is known as nucleoplasm or 

kars'oplasm; that constituting the remainder of the cell, the cytoplasm. The nuclear 
constituents include a more fluid ground substance or unclear sap {karyolymph; 


jr 


Fic, 3 . — Pabameciuji Caudatum. 
Note the peripheral cilia and 



THE CELL 


material for certain differentiation products; troplio- 

spongium; Golgi apparatus, and tono fibrils. 



Fic. 6— Ecc OF A Clam (Comiscia TELLr\oirp.s) 

The first maturation spindle with centro^omes and chromosomes at mctapliase, and the dis- 
appearing nucleolus (»i) at the right Xioon 

Fic. 7.— Primary SrERMAToevTE of a Turtle (Cistudo Carolika). 

Chromatic spherules (chromidia) apparently in process of extrusion from nucleus. X 1500. 

Fic. 8— SpFJtMATio of Opossum is* Early Stace of Metamorphosis is-to a Spermium. 
Granular mitochondria; «i, m tlic cjioplasm, m, nucleus; s, arclioplasmic spliere. X2000. 


Mitochondria. — Mitochondria are cytoplasmic elements of very variable form 
and of aloYOst umversal distribution. These are destined to bulk very large in 
immediate cytological investigations. They may prove to be very important ele- 
ments of the more fundamental protoplasmic structure and function. In the germ 
cells of vertebrates, as in undifferentiated cells generally, they are for the most 
part, granular {chondriosomes) (Fig. 8); m the somatic differentiated cells 
filamentous or rod-shaped {cUondriomites; chondriocouts; psendochromosomes) 
(Figs. 9, 10). Both chromidia and trophospongium (a canalicular network of the 
cytoplasm, probably concerned with circulation of nutritive material or secretion 
products) (Fig. It) have been identified with mitochondria. Trophospongium at 
least is a distinct structure, and chromidia more probably also, though by some 
regarded as the elements from which the filamentous mitochondria are formed 
Mitochondria have been credited with a great variety of functions, c g., formation 
of presecretion and excretion granules, and the formation of various kinds of 
fibrils. M Heidenham regards the chondriosomes as vegetative organs of the cells 
subserving metabolism. Our knowledge is as yet too limited to speak with assur- 
ance either as to their origin, complete function, or fate. One thing only is certain 
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lays the role, among other possible functions, of a center of storage, perhaps also 
laboration, of chromatin. Nuclear protoplasm, more especially the chromatin, is 
datively rich in phosphorus. 

Astral System. — Another organ of a typical cell is the aster, astral system or 
ttractiou sphere. Its substance is collectively known as archoplasm. It usually lies 
mtside of, but close to, the nucleus; in certain cells it is intranuclear, e.g., sperma- 
tocytes of Ascaris. It consists centrally of a granule, the 
coitrosome (cytocentrum) ; in this, in certain instances, may 
be differentiated centrally a smaller granule, the centriolc; 
when the latter appears, the more outlying portion of the 
centrosome is designated the ceiitroplasm. The centrosome may 
divide into two, becoming a diplosomc, or in some instances it 
may become multiple, when it is known as a pluricorpuscular 
centrosome. Surrounding the centrosome is a clearer, minutely 
granular sphere, the centrospherc ; radiating from this periph- 
eral!)’ are delicate astral rays, collectively known as the as- 
trosphere (Fig- 6). Structurally the aster is subject to con- 
siderable variations in different cells. On account of its rela- 
tion to cell division, it is regarded as the dynamic center of 
the cell ; viewed thus its substance is known as kvtoplasm. The 
attraction sphere may or may not be visibly present; in all 
living cells it, or its analogue, is generally believed to be po- 
tentially present. 

Cytoplasm.— The cytoplasm or cytosomc may be divided 

Fio. S—A Unicel- jpto a thin peripheral or cortical layer of less granular proto- 
LULAR Flagellate , , , , » v , , . , 

Animai (Tetra- plasm, the exoptasm (ectoplasm), and the mam central mass, 
M1TUS CuiLOMO- the endoplasm. In certain highly differentiated cells the exo- 
plasm is not discernible. In others, at certain stages in the 
The nuclear mate- development it contains the products of differentiation, when 
rial IS distributed as it is known as "deuteroplasm” (Studnicka). The endoplasm 

fhe'^cell^ ^(ReTrawn commonly described as consisting of a more fluid, finely 
from Calkins ) granular ground substance, the hyaloplasm {paraplasm, inter- 

filar mass, paramitome, enchylema, cytolympli), containing a 
delicate denser reticulum, or cytoreticulum, wth polygonal or spheroidal meshes. 
The substance of the reticulum is called spongioplasm {mitomc; filar mass). It is 
held by some to be continuous with the Hnin mesh of the nucleus The granules of 
the ground substance, both free of and attached to the spongioplasm, are called 
inicrosomes. According to one interpretation the spongioplasm arises by coalescence 
of niicrosomes. A more recent interpretation regards both network and granule as 
simply more condensed portions of the hyaloplasm. The cytoplasm may contain, 
besides the aforementioned fundamental constituents, nutritive materials including 
yolk granules or globules (deutoplastn) , vacuoles, foreign inclosures, c.g , bacteria, 
etc., and pigment {mctaplasm) plaslids (in plant cells); chromidia (Fig. 7), 
masses of chromatic granules, presumably of nuclear origin, and probably the raw 
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material for certain differentiation products; wifnrlmuffrin nr- . tropho- 
spoughim; Golgi apparatus, and loiwfibrils. ^ 



Fig. 6— Egg of a Clam (Cumingia Tellinoides), 

The first maturation spindle uitti centrosomes and cliromosomes at metaphase, and the dis- 
appearing nucleolus (ii) at the nplit Xiooo. 


Fig 7— PeISIAEV SPEEMATOCtlE OF A Tueilf (CiSTUno Caeolixa). 

Chromatic spherules (chromidia) apparently in process of extrusion from nucleus. X tsoo. 

Fig. 8— Speematid of Opossum in Eably Stage of Metamorphosis into a Spermium. 
Granular mitochondria; ni, m die cjToplasm, n, nucleus; s, archoplasmic sphere. Xaooo 


Mitochondria.— Mitochondria are cytoplasmic elements of very variable form 
and of almost universal distribution. These are destined to bulk very large in 
immediate cytological investigations They may prove to he very important ele- 
ments of the more fundamental protoplasmic structure and function. In the germ 
cells of vertebrates, as in undifferentiated cells generally, they are for the most 
part, granular (chondriosomes) (Fig. 8); in the somatic differentiated cells 
filamentous or rod-shaped (chondriomUcs: clwndriocoiits; pseudacUromosomes) 
(Figs. 9. to). Doth chromidia and trophospongium (a canalicular network of the 
crtoplasm. probably concerned with circulation of nutritive material or secretion 
products) (Fig. It) have been identified with mitochondria. Trophospongium at 
least is a distinct structure, and chromidia more probably also, though by some 
regarded as the elements from which the filamentous mitochondria are formed 
Mitochondria have been credited with a great variety of functions, c.g., formation 
of presecretion and e.xcretion granules, and the formation of various kinds of 
fibrils. M. Heidenhain regards the chondriosomes as vegetative organs of the cells 
subserving metabolism. Our knowledge is as yet too limited to speak with assur 
ance either as to their origin, complete function, or fate. One thing only is certain 
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plays the role, among other possible functions, of a center of storage, i>crhaps also 
elaboration, of chromatin. Nuclear protoplasm, more especially the chromatin, is 
relatively rich in phosphorus. 

Astral System. — Another organ of a typical cell is the aster, astral system or 
attraction sf>licre. Its substance is collectively known as orchoplasm. It usually lies 
outside of, but close to, the nucleus; in certain cells it is intranuclear, e.g., sperma- 
tocytes of Ascarls. If consists centrally of a granule, the 
centrosowe (cytocentrum) ; in this, in certain instances, may 
he difTercntiated centrally a smaller granule, the ccnlriolc; 
when the latter appears, the more outlying portion of the 
centrosome is designated the cetitroplasm. The centrosome may 
divide into two, l)ecoming a dlplosome, or in some instances it 
may become multiple, when it is known as a pluricorpuscular 
centrosome. Surrounding the centrosome is a clearer, minutely 
granular sphere, the centrosphcrc ; radiating from this periph- 
erally are delicate astral rays, collectively known as the as- 
trosphere (Fig. 6). Structurally the aster is subject to con- 
siderable variations In different cells. On account of its rela- 
tion to cell division, it is regarded as the dynamic center of 
the cell ; viewed thus its substance is known as kiiiophsm. The 
attraction sphere may or may not be visibly present; in all 
living cells it, or its analogue, is generally believed to be po- 
tentially present. 

Cytoplasm. — ^The c)topIasm or cytosomc may be divided 
Fig 5.--A Unicel- peripheral or cortical layer of less granular proto- 

Animai (Tetra- plasm, the cvoplasm (ectoplasm), and the mam central mass, 
MiTus CifiLOMo- the endoplasm. In certain highly differentiated cells the exo- 
plasm is not discernible. In others, at certain stages in the 
The nuclear mate- development It contains the products of differentiation, when 
rial is d;strjbuted as it is known as “deuteroplasm” (Studnicha). The endoplasm 

granules throughout jg commonly described as consisting of a more fluid, finely 
the cell (Redrawn , ^ , , , , , .7 • . 

from Calkins ) granular ground substance, the hyaloplasm {paraplasm, vuer- 

fiJar mass, paramUomc, enchyJnna, cytolymph'), containing a 
delicate denser reticulum, or cytoreticulum, with polygonal or spheroidal meshes. 
The substance of the reticulum is called spongioplasm {mitome; filar mass'). It is 
held by some to be continuous with the linin mesh of the nucleus. The granules of 
the ground substance, both free of and attached to the spongioplasm, are called 
niicrosomcs According to one interpretation the spongioplasm arises by coalescence 
of microsomes A more recent interpretation regards both network and granule as 
simply more condensed portions of the hyaloplasm. The cytoplasm may contain, 
besides the aforementioned fundamental constituents, nutritive materials including 
yolk granules or globules (deutoplasm) ; vacuoles, foreign inclosures, e.g.. bacteria, 
etc., and pigment (7neiaplasm) ; plasttds (in plant cells); chromidia (Fig. 7), 
masses of chromatic granules, presumably of nuclear origin, and probably the raw 
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material for certain difTcrcntiation products; hi.’ 
spofigiuin; Golgi apparatus, and ionofibrits 




Fto 6 — Egg ok a Clam (Cumincia TEtLiNoinEs) 

The first maturation spindle with centrosomes and chromosomes at mctapliase, and the dis- 
appearing nucleolus (ii) at the right Xiooo 

Fic. 7— Primary Spermatocyte op a Turtlp (Cistupo Carolina). 

Chromatic spherules (chromidia) apparently m process of extrusion from nucleus X 1500 

Fie. 8.— Spermatid of Opossum in Early Stage of Metamorphosis into a Spfrmium. 

Granular mitochondria; in, in the cjioplasm; «, nucleus; s, archoplasnnc sphere. X2000 

Mitochondria. — Mitochondria are cytoplasmic elements of very variable form 
and of almost universal distribution. These arc destined to bulk very large in 
immediate cytological investigations. They may prove to he very important ele- 
ments of the more fundamental protoplasmic structure and function In the germ 
cells of vertebrates, as in undifferentiated cells generally, they are for the most 
part, granular (cliondriosomcs) {Fig. 8); in the somatic differentiated cells 
filamentous or rod-shaped (choadnomites: choiidriocoiifs; pscudocUrouiosomes) 
(Figs. 9, 10). Both chromidia and trophospongiitm (a canalicular network of the 
cytoplasm, probably concerned with circulation of nutritive material or secretion 
products) (Fig ii) have been identified with mitochondria. Trophospongium at 
least is a distinct structure, and chromidia more probably also, tliough by some 
regarded as the elements from which the filamentous mitochondria are formed 
Mitochondria have been credited with a great \'ariety of functions, e.g., formation 
of presecretion and excretion granules, and the formation of various kinds of 
fibrils. M Heidenhain regards the chondnosomes as vegetative organs of the cells 
subserving metabolism Our knowledge is as yet too limited to speak with assur 
ance either as to their origin, complete function, or fate. One thing only is certain 
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namely, that they are actual constituents of the cyto])1asni of practically every type 
of cells, at certain, perhaps all, stages of development and active function. They 



Fic. 9 — Cells from tuf. Newly TIatciieo RAiNnow* Trout, Treated Accordinr to Meves’ 
Teciinic for the Dfmon’stratiok or MrrociiovDRtA (Plastosomes), 
a and b, cartilage cells,* f, young blood cell; rf, cpitlicliai cells from (lie iittestiiie. Xzooo. 



Fig. 10 — Two Cells from the Mesenciiyma of the Newly Hatched Rainbow Trout. 

The one to the left (o) at late anaphase of mitosis, sliowing mitochondria (plastosomes). 
Meves’ technic. X2000. 


have been seen and studied in !i>dng plant cells,* and in animal cells grown in 
artificial media they have been observed * to move, to change shape, to divide into 
granules and again to reunite into filaments — facts which render inadmissible their 
interpretation in fixed material as lipoid precipitation products (Faure-Fremiet), 
and strongly suggest their connection with metabolic activity. Tliey have the chemt- 


3 Maximow, 1908. 

4 Lewis, W. H., and Lewis, M. R , 1915 
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cal composition of a lipoid (probably a phosphatide) united to an albuminoid base. 
It has been sujjpcstcd tliat they are a support to, and the region of, oxidation. Certain 
investigators (Benda, Meves, Duesberg) regard them as tlie c>'to- 
plasmic basis of lieredity, and ascribe to them an important role in 
histogenesis. Wallin® regards them as sj-mbiotic bacteria. It is very 
probable that rods and granules in certain protozoa described as 
mitochondria were actually bacteria. (E De \Vitt Miller, /. Morph., 

1937.) 

The iii/t’fjio/ rccltciihr apparatus of Golgi, in “fixed’' material, 
occurs typically in the fonn of a network (Golgi net) closely adja- 
cent to or encircling the nucleus (Fig. 12). In the living cell stained 
with methylene blue the “Golgi apparatus” appears generally in the 

form of “a series of chromophilic vesicles each of which ma> en- jj Intracel- 

circle a colorless chromophobe”. (Whorley, L C., J Morph., 1944 ) lular Network 

The chromophobic portion is regarded as the “de\eloping product”. or Trophospon*- 
These Golgi vesicles (bodies), following fixation with osmic acid, cium, within' a 

may become modified through collapse and fusion into a reticular Furkixje Cell 



structure. Like mitochondria. Golgi bodies readily reduce osmic acid 
and assume a dark brown color The Golgi apparatus is generally 
believed to be associated uith the metabolic acti\Uy of the cell, 


OF THE Cerebel- 
lum OF Strix 
Flammea. 


especiallj with the secretory process and with the elaboration of fats 
and proteins. Claims have been advanced that the tropliospongium of 
Holmgren (canalicular apparatus, Fig. 11) represents tlie negative 


Golgi's stain. 
(Golgi.) 


image, in the form of empty canals, of the Golgi apparatus. Tlie Golgi vesicles have also 
been identified with the “vacuome” of Parat, and the Golgi bodies (granules) witli mito- 
chondria. Most of the recent evidence favors the conclusion of morphologic and genetic 
independence among Golgi apparatus, tropliospongium, mitochondria and chromidia. 


Tonofibrils, — The term tonofibrils (“inofibrils,” Tello, Cajal) was introduced by AI. 
Heidenhain to designate certain “supporting fibrils” in epitlielial cells, very strikingly 



Fic. 12 — Decidual Cells of Human Placenta at Term. 


Note the internal reticular apparatus of Golgi. (Vecchi.) 
represented in the relatively wide and coarse intercellular bridges and their intracellulai 
approaches in the prickle cell layer of tlie stratified squamous epithelium of human skin 
* Wallin, ip27, ® Beams, 1931 
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Fig. 13— Tosokiurils 
IN Epithelial Cfll 
or Intestine or 
Frog X2300 
(Redrawn from XI. 
Heidenhain ) 



Fig. 14— ToNorioRiLS in Epithelial Cells 
01 48*»iofR Growth from Asision of 
5*nAV Chick Embryo. 

Mallory’s stain. (Redrawn from M, Lewis.) 



pjc 15 — -Vertical Section of Skin or Hind Limb of Frog Tadpole, Showing Typical 
Tonofibrils in the Basal Laver. X600 (Spetdel.)^ 
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(Fig. 38). Such fibrils are widely present in epithelial cells under conditions requiring 
a certain degree of protoplasmic rigidity to prevent excessive deformation against factors 
of strain and pressure. They arc most prominently disclosed with tlie iron hematoxylin 
staining technic. Good examples of tono- 
fibrils are shown in the columnar cells lining 
the intestine of tlic frog (Fig. 13) and the 
squamous cells of the amnion of the chick 
(Fig. 14). They appear conspicuously also 
in the columnar cells of the basal layer of 
the epidermis in human skin (Fig. 2/6) 
where they simulate a striated or denticulated 
border. These coarse perpendicular basal 
fibers are apparently identical with those of 
the skin of certain frog tadpoles (Fig. 15), 
originally described by Ehertii (1866) and 
since then variously interpreted as support- 
ing elements/ mitochondria* and connective 
tissue processes.® 

The concept of tonofihrils has hccn erro- 
neously extended to include also the initial 
fibrils of fibroblasts/® in their coarser form 
identical with the fibroglia fibers of Mai- 
lory/* the primitive fibrils of leiomyoblasts 
and those of spongioblasts. These specific 
original fibrils of connective tissue cells, 
smooth muscle cells and neuroglia cells stain 
equally well with iron hematoxylin, but can 
be readily discriminated from true tonofihrils 
on the basis of a difTercntial staining reaction 
in special technics and on the basis of their 
genetic relation to definitive reticulum fibrils, 
m)ofibrils and glia fibers, respectively. The 
very similar fibers ("rootlets”) of certain 
ciliated cells (Fig. 16) are apparently anal- 
ogous with tonofibrils, but have in addition 
to their function of providing rigidity to the 
cell as a whole also that of serving as a sup- 
port for the lashing cilia. Furthermore, their 
mode of origin is very different from that of 
tonofibrils , they arise as intracellular sprouts 
from the basal bodies to w’bich the cilia are 
attached Co!umn.ar cells with nonmotile cilia, 

as in the case of the epididymis, are provided with tonofibrils identical with those of 
nonciliated cells. Bensley *• makes the interesting suggestion that tonofibrils are irre- 
versible products of a fundamental fibrous constituent of protoplasm which he desipnat^*^ 
‘‘plasmosin ” *• 






V’.;..-:; . ■ 

Fig 16— Three Ciliated Cells from tiif 
Bile Duct of the Snail, Helix Hor- 
TENSIS. 

The cells have a single row of basal gran- 
ules, to which both alia and rootlets are 
attached. Xasoo. (M. Heidenhain ) 


^ StudnTcka, ipoS 
* Saguchi, 1913. 

»Weed, 1934. 

10 Maximow, 1929, 
Mallory, 1904 
‘-Bensley, R. R., 1933. 
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Protoplasmic Structurh of Cells 

Four main types of protoj)lasmic structure arc gcticrally recn^'nized; (i) the 
homogeneous; (2) the granular; {3) the alveolar or foam type; and (4) the 
fibrillar (Fig. 17). Varieties of fibrillar 
protoplasm occur as the reticular or sponge 
type and the filar type. The t>pe of proto- 
plasm of a particular cell may vary with the 
stage of development and function. In suc- 
cessive stages of development and differen- 
tiation the protoplasm of the same cell may 
pass from the apparently ‘homogeneous, 
through the granular and granulo-alveolar, 
to a granulofihrillar type. Homogeneous 
protoplasm, as for example the ectoplasmic 
layer of ameba, 1*5 more probably to be inter- 
preted as composed of minute, perhaps ultra- 
microscopic, colloidal granules (colloidal 
blogcns). Young and undifferentiated cells 
commonly liave a granular cytoplasm. In 
general it may be said that the actual funda- 
mental type of protoplasm is the granular. 
This cliangcs into the alveolar type by the 
appearance of spherules among the granules. 
The contents of the alveoli constitute the 
alveolar substance ; the interalveolar sap, the 
hyaloplasm; the granules, the microsomes; 
and the walls of the alveoli may be identified 
with the spongioplasm of the reticular type 
of protoplasm. Another interpretation of 
alveolar protoplasm regards the content of 
the alveoli as hyaloplasm. The microsomes 
may in part be closely associated with the 
alveolar ^valIs, perhaps forming them and the 
spongioplasm by the process of coalescence. 
The so-called alveolar protoplasm is in 
reality of the granulo-alveolar type. The 
spherules probably arise, at least in part, by 
a process of liquefaction of some of the 
granules The alveologranular is probably 
the commonest type of protoplasm. The process of transformation of the granular 
into the alevolar type can best be demonstrated in young growing eggs of inverte- 
brates. Figure 18 shows an egg in which the perinuclear protoplasm is predominantly 


Fig. 17.— Theories of Protoplasmic 
Struct uRt 

I, alveolar structure; granules occur 
only at the angles formed by the alveoti 
filar structure, showing filar and intcr- 
filar substance The centrosome (a dtpJo- 
some) is represented in this portion; it is 
surrounded by a clear attraction sphere 
3, granular structure; coarse microsomw 
irregularly disposed. This portion contains 
three foreign bodies which have been in- 
cluded by the cell, a streptococcus, a crys- 
tal and a spheroidal pigment mass. 4, the 
alveolar walls are formed by regularly ar- 
ranged nncrosoraes ; a vacuole is shown in 
this section 5, reticular structure The cell 
IS inclosed by a cell membrane, and con- 
tains a central nucleus m which are shown 
the nuclear membrane, indistinct linin fi- 
brils, deeply stained chromatin in coarse 
threads and irregular masses (karyo- 
somes), and a centrally situated nucleolus 
or plasmosome. 
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alveolar, the more peripheral portion granular. The metamorphosis is apparently 
under the control of the nucleus. 

Other commonly descrihed types of protoplasmic structure may be interpreted 
in terms of mechanical (extraneous; artificial) alterations in the alveolar type. 



Fic. 18— Ecc or THE Blood Starfish (Cribrella Sakcuineolexta) i.v Later 
Growth Pfrioo 

A stage in the change of an earlier granular to a later alveolar condition of the cytoplasm. 
The nucleus contains many spherical nudcoH of various sires. The space (a) is a fixation 
artifact Xrsoo. 

Thus a reticular type may be derived from the alveolar through modification (by 
pressure, or distortion) of the spherical alveoli into polyhedral or irregular com- 
partments. Likewise the fibnllar or filar types may be inter- 
preted as similar more extensive modifications resulting in rup- 
tures of the alveoli and consequent finer or coarser indiscrimi- 
nate aggregations of spongioplasmic fibrils, or as the result of 
the coalescence of granules to form fibrils The distinction be- 
tween fundamentally granular and alveolar protoplasm, and sec- 
ondarily derived types of granular and reticular (fibrillar) 
protoplasm must be emphasized. In the performance of specific 
functions, certain cells elaborate secretorj' granules (gland cells. 

Figure 19; ner\’e cells, Figure 20; cells with cr)’sta 11 oids, Figure 
21); others produce various types of fibrils (e.g., nerve cell, 

Figure 22; connective tissue cells, and muscle cells); others 
elaborate fat spherules (eg., Figure 23); and still others a 
canalicular (trophospongium) apparatus (Fig. 24), 


Fic. 19. — Pancreas 
Cell of Turtle, 
Filled with Zy- 
mogenic Gran- 

ULE.S 

«. nucleus, with 
nucleolus. X2000- 
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The foregoing description of protoplasmic stnicture pertains largely to the 
"/ixed” (dead) condition. In this connection the terminology employed will con^ 
tinue useful. But the more refined physicochemical studies of Itznng protoplasm 



Fifi. 2a— M otor Nerve Cfli. rsoM the Ventraj, Horn or the Shnal Cord or the Ot. 

Nissl granules in the cell body and its dendritic processes. The nongranular process at the 
left is the axon p, pigment. (From Barker, The Neri'ous SyJiern, alter von Lenhossdk.) 



Fig. 21 — iNTERSTITIAt Celi, from 
THE Testis of a Twenty-one- 
YEAH-OLD Man, Showing Gran- 
ular AND FiLAStENTOUS MlTO- 

CHO.N’DRIA. 



Fig. 22. — A Neuron (Giant 
pYRAMroAL Cell, or Cell of 
Betz) from the Cerebral 
Cortex of AIan, Showing the 
Neurofiprils. 

Bielschowsky technic. X500 


(Winiwarter ) 

have aroused considerable skepticism respecting the verity of actual specific struc- 
tures corresponding to the designations applied, more especially the spongioplas- 
mic and linin network. Perhaps the most that can be said with certainty regarding 
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the fundamental stnicturc of protoplasm is to describe it as a granular gel. Kite’s “ 
studies of the physical proi^crtics ami molar structure of protoplasm in various 
cells, by combined methods of microdtsscction and vital staining, have led to clearer 
conceptions in this field. He interprets protoplasm as an cuiulsoid, the real struc- 
tural units of which arc the colloidal particles, and conceives of the optical image 
as the result of the combination of the physical phenomena of reflection, refrac- 
tion, diffraction, absorption, dispersion, interference, and a scattering action on 
light. Living protoplasm is an apparently homogeneous and viscous hydrogel, hold- 
ing in suspension in the fonn of granules (microsomes) minute masses of denser 



Fic. 23 — Dr.\Fj,opiNc 
Fat Cells 
The fat droplets, 
after extraction with 
alcolinl and ctlicr, ap- 
pearing as sacuoles 
Hematein and cosm 
XS50. 



Fig 24 —Columnar 
Epithelial Cells 
OF THE Epioioynns 
Showing Canali- 
cular Apparatus 
(Holmgren.) 


gels, and liquid globules (alveoli) which show many of the optical properties of an 
oil drop. The network and granules of the nucleus he regards as optical phenomena, 
areas of greater concentration in the nuclear gel, not separated from, but grading 
into the surrounding diluter gel of the nuclear sap. Spindle fibers were successfully 
dissected out of the protoplasm as distinct, relatively rigid threads. These conclu- 
sions are in the mam in accord with those deduced from the earlier physicochemical 
studies of protoplasm and colloids by Hardy and others. M. R. and W. H. Lewis “ 
also find no sign of a reticular or of an alveolar structure in either cytoplasm or 
nucleus in cells studied in tissue cultures. They describe both cytoplasm and nucleus 
as “finely granular, almost homogeneous in appearance.” 


Vital Properties of Cells 

Living protoplasm is capable of certain specific reactions (physiological pro- 
cesses) or functions. These reactions are spoken of as vital properties or attributes 
of protoplasm. They are general properties of living matter. They include primarily ; 
metabolism, irritability, contractility and reproduction. 


Kite, 1913. 

Lewis, W H and Lewis, M. R., X915 



14 


THE PROTOPLASM AND THE CELL 

The foregoing description of protoplasmic structure pertains largely to the 
"fixed” (dead) condition. In this connection the terminology employed wfJ] con- 
tinue useful. But the more refined physicochemical studies of living protoplasm 



Fie. 2a— Motor Nerve Ceu prom the Ventral Horn op the Sp/nai. Coro op the Ox. 

NissI granules iti tli« c«Il body and its dendritic processes. The nongraimlar process at the 
left is the axon, p, pigment (From Barker, The Nervous System, after von Lenhoss^k.) 



Fic 21 . — iNTfBsriTML Cell prom 
THE Testis of a Twentv-one» 
year-old Man, Shoivinc Gran- 
ular AND Filamentous Mito- 
chondria. 

(Winiwarter.) 



Fic. 22. — A Neuron (Giant 
Pyramidal Cell, or Cell of 
BETE) FBOSt THE CeKEBRAL 

Cortex of Man, Showing the 
Neurofibrjls. 

Bielschowsky technic. X500 


have aroused considerable skepticism respecting the verity of actual specific struc- 
tures corresponding to the designations applied, more especially the spongioplas- 
rtiic and finin network. Perhaps the most that can be said with certainty regarding 
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ameba; Iience the name. Tliis consists essentially in the formation of a proto- 
plasmic process or pscudopodiiim, into which tlie main mass of protoplasm flows, 
thus producing progression (Fig. 25). The movement of the white blood corpuscles 
is of this sort (Fig. 26). 

Ciliary Motility. — Ciliarj' motil- 12 3 4 5 

ity is cliaracteristic of hair-like 

processes of certain cells ; such proc- ^ V* r 

esses or cilia represent essentially 

permanently differentiated delicate ^ 

pseudopodia. The method of ciliuni Fjc. 26 — Leukocytf from Human Blood in 
formation is illustrated in its sim- Active Ameboid Motio.v. 

plest form in the transient vibratory The figures Indicate the successive forms as- 
processes tin. arise under certain 
conditions on leukocytes (Fig. 237). 

In metazoa generally ciliated cells arc attached, motion being limited to the cilia, 
which are located on the free border. The function of cilia is to propel secretions 
toward the surface. The motion is wavc-likc and always in one direction. The cilia 
arc generally attached to a double row of granules, the “basal bodies” (Fig. 27), 
perhaps partition products of the centrosomc. In protozoa, c.g., Paramecium 
(Fig. 3), the entire surface of the cell may be ciliated; tlic function of the cilia 
here being progression, and the direction of stroke is reversible. Certain cilia arc 
nonmotile, e.g., in the epididymis, where they are 

closely clumped into brush-like masses (Fig. 30). __ 

The function of such cilia is, in part at least, to / j /'I'J 

furnish a means for the elimination of secretions. \ / \ 

Flagellate motion is to be regarded as a variety of ^ 

ciliary motion. A flagclUtni is commonly regarded ft *-)/ ’ 

as a more robust ciliuin. The purpose of flagella / W */ \ { J-r-V 

is to propel the cells to which they arc attached. [ ^ ’ 

Usually in higher animals the number of flagella ' - ' 

is limited to one to a cell. The best examples of — — 1 ^ ^ 

flagella are furnished by spermatozoa (Fig. 28). 

Molecular il/o/i 7 i/y. — Molecular motility is a Three Cells fro.m a 

dancing or oscillatory movement of tlie granules tiie^ Rabbit 

in living protoplasm. Such granules may be non- „o„dliatrd cell has a di„ 

living matter, pigment, etc. This type of motion is losome at its free border. The 
also called brownian movement. It is probably adjacent ciliated cells have in 
purely a physical phenomenon. It may be simu- basal gran- 

lated by mixing finely divided carmine with attached, (von LenlwS^k 
glycerin. 

Circulatory iV/o^i 7 i/y.— Circulatory or streaming movement occurs in various 
degrees in probably all living protoplasm. It is only when it is rapid that it be- 
comes easily discernible. It is readily demonstrable in certain plant cells eg chara 
mtella and clodea; also less readily in certain protozoa (ParameciurJi). It niust 



i6 THE PROTOPLASM AKD THE CELL 

Metabolism. — MctaljollMn is tl«t property of living protoplasm by virtue of 
which it can elaborate from raw food material the complex chemical compounds 
of protoplasm (anabolic phase, constntetive metabolism, assimilation), and convert 
the satne into kinetic energy for the ixrfonnancc of specific functions (katafwiic 
phase, destructive mctaliollstn, dissiinilatton). c.{f., secretion and excretion. Met- 
abolism generally involves growth and differentmtiotu Development also is funda* 
mentally a metabolic process, ami in essence consists of *'.a jwogressive dilTcrcntiation 
of complex and specialized structures and functions from relatively simple and 
generalized beginnings" (Conklin). 

Irritability. — Irritability or sensitivity, is a fundamental or general property 
of protoplasm. It is characlerizwl by a ca}>acity to receive and make response to 
stimuli, by changes of vital processes. Its prerequisite is the protoplasmic projxirty 
of conductivity, and its expression in many instances depends upon the property of 
contractility. In a comprehensive sense, Mtinulus is every alteration in the e.xtemal 



Fig, as— Successot. Stages js the MovujrxT or ak Ameba, 

The cells contain a nucleus, a contractile vaosole and protoplasmic granules. (Verwom.) 

vital condition (Verworn). The reaction to stimuli may exhibit itself in one of 
three modes: functional, nutritive, and formative (Venvorn). Stimuli are of 
various sorts, c.g., thermal, medunical, chemical, photic, solar, galvanic (electric), 
fluid, current, gravity. The simplest resulting reactions, expressed in unicenular 
forms in terms of orientation (tropism) or contact (taxis) — represented by auto- 
matic responses or reflexes m higher forms — are respectively thermotropism, 
stereotropism (barotaxis; thigmotaxis), chemotropism, phototropism, heliotropism, 
galvanotropjsm. hydrotropism, rheotroiMsm, and geotropisni. Response may be 
either toward or away from a stwjrce of stimulus. In the case of tlie electric 
current or water currents, for example, simple organisms may orient tliemselves, 
or protoplasm may move, in line with or opposite to the current; these opposite 
reactions are called positive and negative iropisms respectively. Responses involve 
fundamentally metabolic changes. 

Contractility. — Motion results from response to certain stimuli, that is, by 
reason of irritability ; and it is dependent upon the vital phenomenon of contractility. 
Motion is of various types, predominant among which are (a) ameboid, (b) 
ciliary (c) molecular, (d) circulator>' (streaming; protoplasmic) and (e) muscular. 

Anteboid Motility . — Ameboid motility is exemplified in the movements of an 
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or “cytoblastema,” the inorganic may continually be passing into the primary 
organic, c.g., monera (Haeckel), but not perceptible under our present means of 
search and observation. 

However, in histology we need to be concerned only with the derivation of 
cells from preexisting cells This proceeds in one of two >vays: (a) direct, amitotic, 
or akaryokinetic; and (b) indirect, mitotic, or karyokinetic. The difference be- 
tween the two inheres in a difference in behavior on the part of the nucleus (or 
katyon). Comparative studies of the lower groups of animals and plants have 
revealed a fairly complete series of intermediate stages. On the basis of these 
facts it is believed by some that amitosis is the primitive method of cell multiplica- 
tion. mitosis the derived or more highly specialized type. Others regard amitosis 
as the derived, not the primitive form of division. 

Cell division is presumably due to the fact that the area of the surface increases 
as the square, the volume as the cube, of the diameter. In consequence, the surface 



Fig. 30— Successwe Stages in the Amitotic Division or the Ciliated Cells 
Lining the Ductus Epidioymiois of the Mouse. Xisoo. 

of a growing cell becomes increasingly restricted relative to its bulk, accordingly 
increasingly less efficient as a meclianism for the intake of adequate nutritive 
materials. The time then arrives when the center must suffer nutritive want or 
when the nucleus becomes unable to exert its trophic functions at the distance of 
t!ie advancing periphery Division of such an enlarged cell into two smaller cells 
reestablishes the original and more favorable nucleo-cytoplasmic dimensional rela- 
tionship. 

Auntosis . — In typical amitosis the nucleolus first becomes bilobed and then 
divides (Fig. 29). This is followed by nuclear division, each resulting nucleus 
inclosing one of the nucleoli. Nuclear division is followed by cytoplasmic division. 
A centrosome is generally neither active nor even visible during this process. 
This typical condition is rarely realized. It ivas first described by Remak (1841) 
for blood cells. Usually nuclear division is independent of nucleolar fission which 
may be lacking (Fig 30). The nuclear fission proceeds variously by a medial or 
submedial annular constriction, or by prog^ressive linear indentation of some por- 
tion of the surface. In certain instances the division takes place inside of the 
original nuclear membrane. The nuclear products may be of unequal size and 
multiple (Fig. 31). Generally cytoplasmic division lags far behind nuclear divi- 
sion, or may even fail to appear, thus produdng bi- or multinucleate cells. Amitosis 
effects a mass division of the nucleus; neither spirem nor chromosomes nor 
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niosl probalily lie iitterpreted as a form of rcspir.ntif»n. It is characterized liv ; 
flowiiiK or strcaniiji}! of the protoplasmic Kramilcs to a tlcfitiitc tlircction. 

Muscular Molilily . — The reason for listing' tiiuscular as a sq«aratc type o 
motility is mainly its predominance in ntiimaK and the fact tliat it (Iocs not appar 
cntly fully conform to any of thc altovc tyites. It is characterize*! hy a reversiM 
prtKcss of c<?ntmct}cin of fij)ecially difTcrcnliato 
muscle fdtrils. It perhaps most closely rcsemhlc 
streanim;; motifity. It leads to least confusion, i.. 
view of our present lack of definite knowfedtje re- 
gardint; the physical anti chemical plicnomena 
tJiMlcrlyinn nittsctilar tnotton. to sjxrak of it as a 
distinct tyi)C. It will l>c further discussed under 
Muscle. 

Reproduction. — The c-sscncc of reproduction 
is cell multiplication. A living cell has the power 
of producing other cells like itself. \'icwcd philo- 
sophically, cells may conccivahly arise in two 
different ways: (i) from nonlivinjj material, 
siwntaneotis generation (alnogcrJcsis) ; (s) from 
preexisting cells hy division. Science has quite 
generally accepted the aphorism, oinuis ccllula r ccllula <Virchow) as an expression 
of the whole truth. However, ftdl acceptance oCUtc doctrine of evolution logically 
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c-.- 20 Successive Steps in Amitotic Division in Tendon Cell of Newborn itoosE. 

^ X8oo (NowikotF.) 

compels belief in spontaneous generation; this not in any such crude form as that 
frogs may arise from the mud of rivers, or insects from dew or dung, but that 
rriven the conditions (conceivably possible somewhere in the universe toaay) preva- 
lent when life first appeared as the original mass of living protoplasm, the cytode" 
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FiC. 23. — CiLlATE AND FlACELLATK 
Cfxls. 

A, ciliated cells isolated from 
the trachea of a cat li, human 
spermatozoa, /, in surface view; 
g, in profile, E.xamincd frcsli in 
normal sailne solution. Xsso. 
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or “cytolilastcma," the inorganic may continually be passing into the primary 
organic, c <j., nioncra (Haeckel), but not perceptible under our present means of 
search and observation. 

However, in histology \vc need to be concerned only witli tlie derivation of 
cells from preexistinjj cells. This jiroccctls in one of two w-ays: (a) direct, amitotic, 
or akar\okinetic; and (/») indirect, mitotic, or karyokinetic. The difTerence be- 
tween the two inheres in a difTerence in Miavior on the part of tlie nucleus (or 
kar)'on). Comparative studies of the lower groups of animals and plants have 
revealed a fairly complete scries of intermediate stages On the basis of these 
facts it is believed by some that amitosis is the primitive method of cell multiplica- 
tion, mitosis the derived or more highly specialized type. Others regard amitosis 
as the dcri\ed. not the primitive form of division. 

Cell division is presumably due to the fact that the area of the surface increases 
as the square, the volume as the cube, of the diameter. In consequence, the surface 
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Fic. 30— Successive Stage.s in tuf Amitotic Division of the Cili.ated Cells 
Lining the Ductus EenunTMiDis of the Mouse. Xisoo. 

of a growing cell becomes increasingly restricted relative to its bulk, accordingly 
'iicreasingly less eflicient as a mcclianism for the intake of adequate nutritive 
materials. The time then arrives when the center must suffer nutritive want or 
'vhen the nucleus becomes unable to c-xert its trophic functions at the distance of 
the advancing periphery. Division of such an enlarged cell into two smaller cells 
•■^establishes the original and more favorable nuclco-cytoplasmic dimensional rela- 
tionship. 

^mitosis . — In typical amitosis the nucleolus first becomes bilobed and then 
divides (Fig. 29). This is followed by nuclear division, each resulting nucleus 
mclosing one of the nucleoli. Nuclear division is followed by cytoplasmic division. 
A centrosome is generally neither active nor even visible during this process. 
This typical condition is rarely realized. It was first described by Remak {1841) 
for blood cells. Usually nuclear division is independent of nucleolar fission, which 
't’ay be lacking (Fig. 30). The nuclear fission proceeds variously by a medial or 
submedial annular constriction, or by progressive linear indentation of some por- 
tion of the surface. In certain instances the division takes place inside of the 
°"ginal nuclear membrane. The nuclear products may be of unequal size, and 
•^ultiple (Fig. 31). Generally cytoplasmic division lags far behind nuclear divi- 
5 'on, or may even fail to appear, thus producing hi- or multinucleate cells. Amitosis 
^tfects a mass division of the nucleus; neither spirem nor chromosomes nor 
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achromanc spindle, so conspicuous in mitosis, appear. Until recently amitosis W'as 
generally regarded as a relatively rare and unimi)ortant process. It was supposed 
to be associated only with highly specialized and pathological conditions leading 
inevitably to death. Cells once liaving sufTcred amitotic <Iivision were l)ch'evcd 
not to be capable thereafter of dividing mitotically. The work of Cliild ” reveals, 
however, that it is probably of wide occurrence. Instances have been dcscrilx’d in 
most of the animal groups, including the vertebrates. He has sliown its occurrence 
in regions of rapid growth, as in \’anotis cmbrj-onic tissues, c.g., blastoderm of 
chick, aud where a secretion is elaboratetl or hi places of rcscivc formation. These 
facts may be harmonized with its occurrence in starving, degenerating tissues on 



Fic. 31.— -MULtlNUCLEATED GlANT CeTL, 
FROM THE Yolk Sac of a 10 Millimetkr 
Pic Embryo. X2000. 



Fjc. 32. — Spebmatocyte of Pyeris 
Cratfci, a Butterfly, Showivc 
A CiLiuM Attached to the Cen- 

TROSOME. 

(Meves.) 


the basis of a common underlying condition, namely, relative scarcity of nutritive 
material. Wieman** conceives of amitosis as due to scarcity of oxygen supply. 

Where mitosis and amitosis are simultaneously present, it is more frequently 
the cells with the large nuclei, surrounded by a considerable amount of undifferen- 
tiated cytoplasm, that divide by mitosis. The factors underlying amitosis most 
probably exert their final effect indirectly through initial influence upon the cen- 
trosome. The best experimental evidence in favor of this view is supplied by 
Nathansohn who grew Spirogyra, normally dividing by mitosis, in a i per cent 
solution of ether in water, when the cells divided amitotically. On transference to 
pure water, the cells again divided mitotically. The ether seems to have exerted 
an inhibitory effect upon the kinoplasm (centrosome material), compelling divi- 
sion by amitosis. Amitosis is now generally conceded to be of wide occurrence under 


IS Child, 1907- 
\ laWieman, 1910. 
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certain conditions and in certain cells, but it is still quite unanimously disbelieved 
to occur in germ cells. In the latter it has perhaps not jet been certainly demon- 
strated to occur in cells actually in the germ cjclc. In Idanmialia amitosis can be 
demonstrated in the intermediate layers of stratified squamous (skin), transitional 
(bladder) and certain ciliated (epididymis, Fig. 30) cpithelia; in the medulla of 
the adrenal, and in decidual cells. In ciliated cpithelia this mode of division is 
perhaps associated with a partition of the centrosomc in the formation of cilia. 
This will be further discussed in Qiaptcr II under Ciliated Epithelium. This view 
is supiwrted by the fact that the flagella of spermatozoa arise from the centrosome, 
and the observation that in certain cells the centrosome of mitotic spindles develops 
cilia (Fig. 32). 

Mitosis. — ^This is the prevailing type of cell division. It was first described in 
complete outline by W. Flemming in 1878. For convenience of description the 
process, which must of course be thought of as continuous, may be divided into 
prophasc, inclaphasc, anaphase, and telophase. An alternative and preferable ter- 
minolog)* employs the words anaphase (prophase), mesophasc (metaphaso) 
and kataphase (anaphase and telophase). These pliascs involve coincident 
changes in the nucleus and the archoplasm (attraction sphere, Fig. 33, A to J) 
Mitotic figures can be seen in all rapidly growing tissues. The process is an essen- 
tially similar one throughout the plant and animal kingdoms; variations relate only 
to details associated chiefly with the archoplasm. The most favorable locations 
for study of mitosis arc the growing tips of roots of certain plants, c.g., onion, hya- 
cinth, dogtooth violet; amplubian tissue (particularly skin and blood cells), and 
the testes of grasshoppers. Mitosis in germ cells involves certain specialized 
features, and calls for additional theoretical consideration ; hence the description 
of these maturation mitoses {meiosts) will be reserved for the chapter dealing 
with the ovaries and testes, where a complete account will follow. Among the 
simplest types of mitosis, and those best adapted for laboratory study, at least 
as an approach to the subject, is that shown m the root tip of the dogtooth violet 
(Fig- 35- ^ ”)• The cells and the mitotic figures are here so large that all the 

major details can be easily recognized by use of the usual dry, high-power lenses 


of the microscope. 

pRoriiASE. — This stage can again be subdivided into that of (a) the resting 
nucleus (iuterkinesis) ; (6) the nucleus wth close spircjn; (c) the nucleus with 
the loose spirem; and (d) the scg 7 nenled spircin. Coincident with these nuclear 
changes, the centrosome in animal cells divides into two (diplosomc) ; these 
moieties move apart toward opposite poles of the nucleus and build a spindle 
(^amphiastcr) between themselves. Meanwhile the nuclear membrane begins to 
disappear, ouly a remnant distant to the achromatic spindle persisting at the end 
of the prophase. In the root tip cel! of the dogtooth violet and in plant cells gen- 
erally, the spindle appears in less conspicuous fashion than in animal cells A 
centrosome is apparently lacking. The first indications of ^ the spindle are rhf 
polar caps o famt radiations which grow medially to build the spindle. The restinn 
nucleus ( ig. 35, a) is cliaracterlzed by a random, granular reticulum with ne^ 
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Fig. 33 — Successive Stages of Mitosis. 

A-F, prophase; G, metaphase, H, anaphase; /-/, telophase a, achromatic spindle; c, cen- 
trosome; ep, equatorial plate of chromosomes; if, interzonal fibers; n, nucleolus (Wilson.) 

knots and one or several nucleoli. This reticulum becomes changed into a delicate, 
deeply chromatic, probably continuous, close spirem (Fig. 35i ^)' By process of 
shortening and thickening, this changes into the loose spirem stage (Fig. 35 , c). 
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The nucleoli have meanwhile contributed chromatic substance to the spirem, but 
may persist for some time longer as achromatict ultimately fragmenting or dis- 
solving, bodies. On closer insjwction the close sptrem is seen to consist of a scries 
of granules (chroinomercs) ; during the loose spirem stage these become split, thus 
giving rise to a double row of granules. The loose spirem passes into the succeed- 
ing stage {scgjncntcd splrnu, Fig. 35, d) by transverse fission into a number 
of rods or chromosomes. At this stage all imlicatioii of chromomercs is generally 
again lost, the chromosomes api)caring as compact, deeply staining rods. 
ei 



Fie 34-— 'CetLs FROM Epirfrmis of Tire Salamander. 

Three cells are in process of division by mitosis a. prophasc; b. anaphase. The second 
cell above b, whose cell body is in process of fission, prc>cnl$ a stage of the telophase. (Wilson.) 


The number of chromosomes is believed to be constant for all cells of a species. 
This belief rests upon data of actual counts in \-arious insects and other lower 
animals and certain plant forms. Here the number is relatively small, and the 
individual chromosomes are large and can in consequence be readily counted. At- 
tempts have been made repeatedly to tlirow doubt upon the matter of a specific 
chromosome constancy, but it is only fair to note that these attempts have dealt 
with relatively unfavorable material, where exact chromosome counts are difficult 
if not actually impossible. Also the chromosomes are generally believed to be the 
bearers of the determiners (genes) of hereditary characters. 

MnTApnASE.— This is a relatively brief stage in mitosis. It includes the period 
when the chromosomes are arranged upon the spindle in the equatorial bhfe «?PPn 
in polar ^ew Uis is called the monaster stage (Fig. 35, c). In this stage the 
chromosoines split longitudinally. In dogtooth violet the number of chromosomes 
is uvervty- ou . A common form of chromosome is the U-shaped trne The no* 

““"d? chromosome (Ffe 35 TTn 

*e more rapidly growing cells the double or split condition of the chroLsomes 




•^ic 35 . — Successive Stages of Mitosis im the Root Tip op the Doctooth Violet 
/ (Ekvtubokium Americanum). 

v, resting nucleus; b, close spirem, c, loose spirem; d, segmented spirem; e, late 
t^Ase; / and g, metaphase; h, and t, anaphase; /-/, telophase (showing midbody or < 
daiel • III and It, daughter cells, n, with restuig nudei. Xisoo 






Fio 36 — Successive Stages in the Maturation, Fertilization and Segmentation of 
THE Starfish (Asterias Forbesh) Egg. 

a, first maturation spindle (711 s i ) and tlie spermatozoon (j) ; b, formation of the first 
polar body (pbi) and the residual substance of the nucleus (rj.) ; <r, second maturation 
spindle d. female pronucleus (5); e, union of male (5) and female pronuclei 

(tl,e male pronucleus is derived from the spermatozoon); f. first segmentation spindle; 
g, two-cell stage of division d and e arc less highly maghified. 
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; remained discernible since the preceding tcloplwsc, a true resting stage ha\nng 
:n omitted. At metaphase the already longitudinally split chromosomes are com- 
tely divided, and the separated moieties (daughter cliromosomcs) drawn' toward 
>osite poles (Fig. 35. ff). 

ANAriiAsc.- — TIic limits of this phase arc indefinite (Fig. 35, h to /). It may 
said to include all stages between that when the separation of the daughter 
omosomes, resulting from the longitudinal splitting of the mother chromosomes, 
severally consummated, and that when the groups of daughter chromosomes 
iwn to either pole are still distinct. Seen in side or oblique view the later stages 
this pliase present a double star arrangement of chromosomes — hence diasicr 
(Fig- 35. *)• The daughter chromosomes, an equal number at either pole, 
re drawn apart by activity of the outermost of the spindle fillers (called imnlle 
7 rs), jiresumably by process of contraction. 'Tlie inner or interzonal fibers con- 
;ute the central spindle. 

Telophase. — Meanwhile a plate of granules (cell plate; mid-body) has ap- 
ired in the equatorial region of the spindle. This marks the plane of the future 
ision (Fig. 35, j and k). In animal cells, an annular constriction appears per- 
erally in the cell membrane. This proceeds centrally throughout telophase until 
imately the mother cell is divided into two daughter cells. The constriction of 
: cells in division is generally interpreted as a phenomenon of alteration in 
•face tension. Coinddently with the steps of this process, the chromosomes and 
itrosomes (archoplasm material in plants) pass through the stages of the pro- 
ase, but in inverse order : segmented spirem, loose spirem, close spirem, resting 
Lighter nucleus with its daughter centrosome and ultimately a nucleolus (Fig. 

, k, I, m, n ) . Where a cell plate appears, division is consummated without con- 
iction. In certain pathological tissues, e.g., cancers, the cells divide in various 
'pical ways, involving the formation of tri- and multipolar spindles. 

The time of the complete process of indirect cell division varies in different 
sues from one-half to several hours. In amphibian blood cells mitosis requires 
proximately two and one-half hours. W. H. and M. R. Lewis studied the 
.vision rate of the mesenchyma cells of the embryo chick. Tissue from embiyos 
four to eleven days was cultivated m Locke's solution. The total time required 
r a mitotic cycle varied from two to three hours. The prophase' occupied from 
,rty to sixty minutes; metaphase from two to ten minutes; anaphase from two 
three minutes ; telophase from three to twelve minutes. The reconstruction period, 

; interval between the first appearance of the nuclear membrane and the attain- 
jnt of the normal resting condition of the daughter nuclei, covered from seventy 
one hundred and eighty minutes. Strangeways found that the time from the 
ginning of one division to the beginning of the next by one of the daughter cells 
15 from II to 12 hours for embryonic chick cells in plasma plus embryonic extract. 


IT Lewis, W. H and Lewis, M. R , 1917. 
18 Strangeways, 1922 
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HISTOGENESIS 

Ever)’ higher organism begins as a fertilized egg or zygote; this involves the 
fusion of a male (spermatozoon) and a female (egg) germ cell (Fig. $6, a and 
e). The result of the fusion is a mingling of approximately equal parts of paternal 
and maternal chromatin (presumably the basis of specific heredity), a large mass 
of maternal cytoplasm and nutritive substance with a small, but perhaps important 
mass of male cytoplasm ; and a coincident stimulus to development. The fertilized 
egg divides by mitosis into two spheroidal cells — the typical embryonic form— or 
hlastomeres (Fig. 36 , / and g), and each of these again into two, the cleavage 



Fig 37. — Transverse Section of a Frog Embryo, Showing the Three GER>t Layers. 
a, neural crest; b, neural groove* c, neural plate; d, celom; c, ectoderm; /, mesoderm* 
g, entodemi; h, somite; i, notochord; /, parietal mesoderm; k, visceral mesoderm; I, yolk; 
central opening, the primitive intestine. 


process continuing until the adult organism results as an aggregation of innumer- 
able cells. This process of growth through cell multiplication is accompanied by 
cell differentiation, which constitutes histogenesis. The first outstanding stage in 
the differentiation is when the three fundamental germ layers; ectoderm (ecto- 
blast; epiblast), mesoderm (mesoblast), entoderm (endoblast; hypoblast) appear 
(F'iff* 37)- Back of this must lie a more fundamental differentiation, perhaps al- 
ready present in the unfertilized egg, a predelineation of adult structure destined 
to develop from localized egg materials. By histogenesis all the adult tissues arise 
from the several germ layers (see the following table) : 
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has remained discernible since the preceding telophase, a true resting stage having 
been omitted. At inetaphasc the already longitudinally split chromosomes arc com- 
pletely divided, and the separated moieties (daughter chromosomes) drawn' toward 
opposite poles (Fig. 35. g). 

Anai'iiask. — ^The limits of this phase arc indefinite (Fig. 35, h to /). It may 
be said to include all stages between that wljcn the separation of the daughter 
chromosomes, resulting from the longitudinal splitting of the mother chromosomes, 
is severally consummated, and that when the groups of daughter chromosomes 
drawn to either pole are still distinct. Seen in side or oblique view the later stages 
of this phase present a double star arrangement of chromosomes — hence diasicr 
stage (Fig. 35. *). The daughter chromosomes, an equal number at cither pole, 
were drawn apart by activity of the outennost of the spindle fillers (called viautic 
fibers), presumably by process of contraction. The inner or interzonal fibers con- 
stitute the central spindle. 

Telophase. — Meanwliile a plate of granules (cell plate; mid-body) has ap- 
peared in the equatorial region of the spindle. This marks the plane of the future 
division (Fig. 35, j and k). In animal cells, an annular constriction appears per- 
ipherally in the cell membrane. This proceeds centrally throughout telophase until 
ultimately the mother cell is divided into two d.tughter cells. The constriction of 
the cells in division is generally interpreted as a phenomenon of alteration in 
surface tension. Coincidently with the steps of this process, the chromosomes and 
centrosomes (archoplasm material in plants) pass through the stages of the pro- 
phase, but in inverse order: segmented spirem, loose spirem, close spirem, resting 
daughter nucleus with its daughter centrosomc and ultimately a nucleolus (Fig. 
35, k, I, m, n). Where a cell plate appears, division is consummated without con- 
striction. In certain pathological tissues, c.g., cancers, the cells divide in various 
atypical ways, involving the formation of tri- and multipolar spindles. 

The time of the complete process of indirect cell division varies in different 
tissues from one-half to several hours. In amphibian blood cells mitosis requires 
approximately two and one-half hours. W. H. and M. R. Lewis studied the 
division rate of the mesenchyma cells of the embryo chick. Tissue from embryos 
of four to eleven days was cultivated in Locke’s solution. The total time required 
for a mitotic cycle varied from two to three hours. The prophase occupied from 
thirty to sixty minutes; metaphase from two to ten minutes; anaphase from two 
to three minutes ; telophase from three to twelve minutes. The reconstruction period, 
the interval between the first appearance of the nuclear membrane and the attain- 
ment of the normal resting condition of the daughter nuclei, covered from seventy 
to one hundred and eighty minutes. Strangeways found that the time from the 
beginning of one division to the beginning of the next by one of the daughter cells 
was from ii to 12 hours for embryonic chick cells in plasma plus embryonic extract. 


IT Lewis, W. H. and Lewis, M R., 1917. 
18 Strangeways, 1922 
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Cytomorphosis 

From the standpoint of the individual cells of tissues, histogenesis involves 
progressive and regressive changes. This process may be designated as cytomor- 
pliosis (Minot). The gradual acquirement of definite form by development is known 
as morphogenesis. Cytomorphosis includes several successive steps : (a) undiffer- 
entiated or embryonal stages; (b) differentiated stage, during which the cell ac- 
quires and maintains its maximum differentiation — expressed structurally by a 
definite shape and specific content — and performs its specific function ; (r) regres- 
sive, when the function gradually wanes, and finally fails (reflected in coincident 
protoplasmic alterations), the cell concerned suffering death and ultimately removal 
from the body. 

With this preliminary general view of protoplasmic organization and function 
(general cytology) we are prepared to approach histology proper. 
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ECTODERM 

Epidermis and its deriv- 
atives: liair, nails, and 
epitlielium of sebaceous, 
sweat and mammary glands. 

Epithelium of mouth 
and its derivatives: enam- 
el, taste buds, epithelium 
of salivary and other 
buccal glands, and ante- 
rior portion of hypophysis. 

Epithelium of anus, and 
distal portion of the male 
urethra. 

Epithelium of nostrils 
and communicating glands 
and cranial sinuses. 

Epithelium of conjunc- 
tiva and associated ducts 
and lacrimal glands. The 
lens, and the epithelium 
of the pars nervosa, ciliaris 
and iridtca retinae. 

Epithelium of mem- 
branous labyrinth of in- 
ternal ear, and lining of 
external ear. 

Epithelium lining the 
central canal of the spinal 
cord, and the ventricles of 
the brain. 

All neurons and neu- 
roglia of the nervous 
system. 

Certain ductless glands : 
pineal, posterior (nervous) 
portion of hypophysis, 
medulla of suprarenal, and 
tlie chromaffin system or 
paraganglia. 

Possibly smooth muscle 
associated with sweat 
glands, and in iris of eye. 


Adult Tissue Derivatives 

MESODERM 

Epithelium of urinifer- 
ous tubules, renal pelves 
and ureters. 

Epithelium of the semi- 
niferous tubules and the 
associated excretory ducts 
of the testis; epithelium 
of oviduct and uterus; 
proLibly also the sex cells. 
The cortex of the supra- 
renal gland. All muscular 
tissue; connective tissue; 
vascuhir tissue (blood and 
lymph vessels and ceils), 
and lymphoid organs in 
general. 

Epithelium (meso- 
thelltim) of pleurae, peri- 
cardium and peritoneum; 
of the tendon sheatlis, 
joint cavities and bursae; 
and of the chambers of 
the eye, and the perilymph 
spaces of the intermd ear 
(scalae tympani and vesti- 
buli). 


ENTODERM 

Epithelium of digestive 
tract (including pharynx; 
excluding mouth and 
anus) and associated 
glands : pharyngeal, eso- 
phageal, gastric, intes- 
tinal, pancre.as and liver, 
with gallbladder. 

Epithelium of middle 
ear (tympanum) and au- 
ditory (eustacliian) tube. 
Epithelium of respiratory 
system, beyond nostril. 
Epithelium of thyroid, 
parathyroids, and the thy- 
mic reticulum and cor- 
puscles. 

Epithelium of female 
urethra, proximal part of 
male urethra, and of the 
urinary bladder. 

Epithelium of prostatic 
and Cowper’s glands in 
the male, and of the 
glands of Bartholin In the 
female. 

Nuclei pulposi of inter- 
vertebral disks, remains 
of the embryonic noto- 
chord. (Of ectodermal 
origin in the guinea-pig 
according to G. Carl Hu- 
ber, Allot. Rcc , 1918, 14. 
Of mesodermal origin, 
according to H. Trlepel; 
Anal. Hefte, 1914, 50.) 
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Cytomorphosis 

From the standpoint of the individual cells of tissues, histogenesis involves 
progressive and regressive changes. This process may be designated as cyfomor- 
pliosis (Minot). The gradual acquirement of defimtc form by development is known 
as morphogenesis. Cytomorphosis includes several successive steps: (a) undiffer- 
entiated or embryonal stages; (^) differentiated stage, during which the cell ac- 
quires and maintains its maximum differentiation — expressed structurally by a 
definite shape and specific content — and performs its specific function; (c) regres- 
sive, when the function gradually wanes, and finally fails (reflected in coincident 
protoplasmic alterations), the cell concerned suffering death and ultimately removal 
from the body. 

With this preliminary general view of protoplasmic organization and function 
(general cytology) we are prepared to approach histology proper. 
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TISSUES 

A tissue in the histologic sense is a collection of similarly specialized cells united 
in the performance of a particular function, c.g., liver tissue. In certain tissues 
the cells are joined together hy an intercellular ccutcnt substance, which is a secre- 
tion product of the cells themselves. Through this cement may extend the so-called 



Fig 38. — Area of Homan Epidermis, Showing Intercellular Bridges and Tonofibrils 
Iron-hematoxylin stain Skin from margin of leg ulcer. X800 

“intercellular bridges” or cytodesmata, the minute intervening spaces forming deli- 
cate canaliculi, presumably for mediating the transfer of nutritive material from 
cells more favorably placed with respect to the source of supply to those less 
favorably located, eg., epidermis; these bridges arise through process of vacuoli- 
zation m the exoplasm of adjoining cells, the tvalls of the original vacuoles per- 
30 
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sisting as bridges. Through such bridges, fibrils may extend from cell to cell. 
Practically every tissue contains also connective tissue elements for unification and 
support ; also vascular and nervovts constituents. Tissues in which the cell boundaries 
are absent are known as syncytia (Fig. 39). A syncytium may obviously arise 



Fig 39 — A Villus of tiie Human Pla- 
centa, SifOWINO A Peripjieral Syn'cytiom 
OF Irregular Thickness. 

The connective tissue inclosed by the 
syncytium contains three capillary vessels. 
Hematein and eosin. Xsoo. 



Fic. 40. — Cells from thf Pancreas of 
Necturus, Containing Secretory Gran- 
ules AND B\sal Ercastoplasmic Fila- 
ments. (Matthews.) 


through nuclear proliferation in the absence of cytoplasmic division, or as the 
result of the disappearance of original cell boundaries. We may distinguish the 
following fundamental tissues: (<7) epithelial; (^) connective; (c) muscular; (rf) 
nervous; and (e) vascular. 



Fig 41. — ^Various Forms of Cells. 

a, squamous epithelium from the tongue; b. a columnar cell from the small intestine- 
<, a polyhedral or spheroidal cell troni the liver; d, a smooth muscle cell from the mus’ 
cular coat of the stomach. X 550. 


Lymphoid tissue may be regarded as still another fundamental tissue; or it 
may be included under vascular tissue. In fact from the genetic viewpoint, vas- 
cular may be included under connective tissue, since both arise from the 
inesenchyma. 
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Representatives of all of the fundamental tissues arc generally found in all 
histologic preparations, or tissues in a general sense. Cells vary greatly both from 
the standpoints of shape and contents in the various tissues — both depending upon 
the types and phases of function. The more usual form variations include: (c) 
spheroidal, spherical {e.g., embryonic cells and egg cells, Fig. i), .polyhedral 
(spherical cells modified by pressure from adjacent cells, 
c.g., liver cells. Fig. 42) ; {b) scalc-likc or squamous {c.g., 
superficial cells of mucous membrane of mouth, Fig. 41, 
a) (f) columnar, prismatic or cylindrical (c.g., cells lining 
intestine). Columnar cells, when very short, arc usually des- 
ignated cubical or cuboidal (c.g., bronchioles and rete testis, 
Fig. 48) ; intermediate lengths may be designated either 
tall cuboidal or short columnar; when modified by confine- 
ment in an alveolus into a pyramidal shape as in glands, 
they may be called pyramidal or glandular (Fig. 57). 
Glandular cells, moreover, are characterized also by an in- 
ternal differentiation commonly expressed in the form of 
granules or filaments. Columnar cells may be further modi- 
fied by the appearance of cilia into ciliated epithelium (e.g., 
tracliea, bronchial tube. Fig. 57), or of mucus into goblet 
cells or unicellular glands (e.g., intestine) ; or as specialized 
receptors for stimuli of special sense they may become 
modified as neuro-epithelium (c.g., certain cells of eye, nose and tongue). 



Fig 42. — Polyhedral 
Epithelium, from a 
Section of the Hu- 
man Liver. 

The central blood cap- 
illary contains one leu- 
kocyte. and its wall con- 
tains the nucleus of a 
flattened endothelial cell. 
XS50. 


EPITHELIAL TISSUES 

Epithelia are cellular membranes covering the surfaces and lining the internal 
cavities of the body. They serve for protection, secretion, excretion, absorption, 
and the reception of stimuli. The constituent cells may be of any of the above 
enumerated forms. The spheroidal types, hoivever, are found only in embryonal 
membranes The term spheroidal epithelium is sometimes employed to designate 
masses or solid columns of spheroidal cells, such as appear in the sex cords of the 
developing testis and ovary, and in the early stages of glands. They are, in general, 
outgrowths or evagmations from embryonic or undifferentiated epithelia. 

An epithelium may consist of a single layer of cells,- when it is called non- 
stratified or simple epithelium. A complete description, however, must include the 
name of the preponderating type of cell, e g., simple columnar epithelium, or simple 
squamous epithelium, as the case may be. Moreover, an epithelium may consist 
of several or many laj-ers, when it becomes a complex or stratified epithelium 
The uppermost type of cells gives the name to stratified epithelium; for example, 
in the epidermis the outermost cell is of the squamous type, though the middle 
cells are polyhedral, and the innermost columnar ; hence called stratified squamous ' 
epithelium (Fig. 54)- 
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In the stratified epithelia the superficial cells arise through cell division in the 
deeper layers, and if they become detached by abrasion, disintegration, or by other 
physiological or pathological processes, they may be replaced by cell reproduction 
occurring in the lower layers. When but a single layer of cells is present, as in 



Fig 43 — Simplf Columnar EriTnixiUM. 

A, from the human prostate; B, dilated, from the human oviduct; C, from longitudinal 
section of a villus of the human small intestine. (Hardesty.) 


the simple epithelia, loss of cells over large areas will obviously become more diffi- 
cult of replacement by cell division. Hence it is that repair of extensively destruc- 
tive pathological conditions involving such epithelial tissues becomes exceedingly 
difficult and often impossible, as, for example, in the alveoli of the lung. 
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Representatives of all of the fnndamcntal tissues arc generally found in all 
histologic preparations, or tissues in a general sense. Cells vary greatly both from 
the standpoints of shape and contents in the various tissues — both depending upon 
the types and phases of function. The more usual form variations include: (a) 
spheroidal, spherical {e.g., embryonic cells and egg cells, Fig. t), .polyhedral 
(spherical cells modified by pressure from adjacent cells, 
c.g., liver cells. Fig. 42) ; (f») scale-likc or squamous {e.g., 
superficial cells of mucous membrane of mouth, Fig. 41, 
fl) (f) columnar, prismatic or cylindrical {c.g., cells lining 
intestine) . Columnar cells, when very short, arc usually des- 
ignated c»&iVo/ or cuboidal (e.g., bronchioles and rete testis, 
Fig. 48) ; intermediate lengths may be designated either 
tall cuboidal or short columnar; when modified by confine- 
ment in an alveolus into a pyramidal shape as in glands, 
they may be called pyramidal or glandular (Fig. 57). 
Glandular cells, moreover, arc cliaracterizcd also by an in- 
ternal differentiation commonly expressed in the form of 
granules or filaments. Columnar cells may be further modi- 
fied by the appearance of cilia into ciliated epithelium (e.g., 
trachea, bronchial tube, Fig. 57), or of mucus into goblet 
cells or unicelluhr glands (e.g., intestine) ; or as specialized 
receptors for stimuli of special sense they may become 
modified as neuro-epithelium (e-g-, certain cells of eye, nose and tongue). 



Fic. 42. — Polyhedral 
Epitiieliom, from a 
Sectiox of the Hu- 
man Livtr, 

The central blood cap- 
illary contains one leu- 
koc^e, and its wall con- 
tains the nucleus of a 
flattened endothelial cell. 
Xsso. 


EPITHELIAL TISSUES 

Epithclia are cellular membranes covering the surfaces and lining the internal 
cavities of the body. They serve for protection, secretion, excretion, absorption, 
and the reception of stimuli. The constituent cells may be of any of the above 
enumerated forms. The spheroidal types, however, are found only in embryonal 
membranes. The term spheroidal epithelium is sometimes employed to designate 
masses or solid columns of spheroidal cells, such as appear in the sex cords of the 
developing testis and ovary, and in the early stages of glands. They are, in general, 
outgrowths or evaginations from embryonic or undifferentiated epithelia. 

An epithelium may consist of a single layer of cells, -when it is called non- 
stratified or simple epithelium. A complete description, however, must include the 
name of the preponderating type of cell, e.g., simple columnar epithelium, or simple 
squamous epithelium, as the case may be. Moreover, an epithelium may consist 
of several or many layers, when it becomes a coviplc.r or stratified epithelium. 
The uppermost type of cells gives the name to stratified epithelium , for example, 
in the epidermis the outermost cell is of the squamous type, though the middle 
cells are polyhedral, and the innermost columnar; hence called stratified squamous ' 
epithelium (Fig. 54)- 
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Squamous, 
composed oj 
flattened, 
scale-like cells 


Classificalion 

I Simple (Nonstratified) Epitiielia— those which compose a membrane but one 
cell in thickness. Epithelial cells, usually spherical or polyhedral in shape, occur 
also cn masse in the form of cords or clusters. 

C (ft) Lining closed cavities 
Pavemevt cpilhtliiitn 

or (i) cndoiheliitni. heart, arteries, capillaries, %eins, and 
lymphatic vessels 

(2) mcsolhclium; serous membranes 

(3) sncscttchymal synovial membranes, bursae, 

and tendon sheaths, lining of the anterior chamber of 
the e>e, and of the perilymph spaces of the internal 
ear, and of the subdural and subarachnoid spaces of 
the brain and spinal cord 

(6) Lining the alveoli of the lungs, some tubules of the kid- 
ney, the middle ear, and the membranous labyrinth of 
the internal ear 

(c) As the superficial cells of stratified epithelium (vide 
infra) 

f (a) Lining the mucous membrane of the ali- 
mentary tract — stomach, small intestines, 

large intestines, gallbladder 
I (fi) Lining the ducts of all secreting glands 
— Oliver, pancreas, salivary, lacrimal, and 

(A) Plain *1 mammary glands, testicle, prostate, kidney, 
etc. 

j (c) The deepest Ia>er of cells in stratified 
epithelium is composed of columnar-shaped 
cells, which, however, differ in structure from 
the true columnar type 
(o) Lining the uterus and oviducts 

(B) Modified (j) Lining portions of the ventricles of the 
brain and central spinal canal of the embryo 

(i) Ciliated and infant — in later life these cells lose their 

cilia 


(2) Pyramidal 
or glandular 


(3) Gobltl* 


(4) Neuro-epi- 
thelium 


pThe secreting cells of all tubular glands— kidney, 
pancreas, salivary glands, intestinal glands, 
etc. 

(o) Respiratory /rac/— nasal, pharyngeal, tra- 
cheal, and bronchial mucous membranes 

(b) Alimentary /rcct— small and large intes- 
tines 

(c) Eye — the rod and cone cells of the retina 

(b) Ear — in the cristae and maculae of the 
labyrinth and in Corti’s organ 

(c) Nose~\n the olfactory mucous membrane 
(true neuron) * 

.(d) Tonguc^m the taste buds 

' Cells whose protoplasm has been converted into mucinogen They may~be considere<l um- 
cellular, mucus-secreting glands. 
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Each epithelial cell is to some extent a secreting cell. Sometimes secretion is 
Its chief function, as is the ease with goblet cells, which might well he called 
unicellular glands, and which secrete abundant mucus. TIic same is true of those 
cells which form the parenchyma of secreting glands — salivary glands, kidney, and 
liver. In many cpithclia secretion is a subsidiary function, protection hclng the 
primary purpose. 

In all epithclia a cement substance is present between the cells. This becomes 
especially abundant and dense between the distal ends of the cells of columnar 
epithelium, and is here known as terminal bars (I-ig. 45). Cement substance has 



Fic. 44 — Columnar ErtriiE* 
HUM FROM THE Pylobjc Re- 
gion OP THE Human Stom- 
ach. 

Profile view. Hemateln and 
eosm Xjso. 


Fic. 45.— ‘‘Terminal Bars” of Ce- 
ment Substance as Seek setiveek 
THE Epithelial Cells op a Tubu- 
lar Secreting Gland in the Py- 
loric Region op the Human 
Stomach. 

The columnar epithelium is seen in 
profile at a; at b, the free ends of the 
cells are seen. Xsso. 


the peculiar property of precipitating silver nitrate from solutions, which turns 
black on exposure to sunlight. Tins furnishes an especially favorable technic for 
demonstrating cell boundaries. All epithelia, simple or stratified, rest upon a homo- 
geneous basement membrane or membrana propria, the joint product of the cells 
themselves and the underlying connective tissue, and a subjacent connective tissue 
supporting membrane or lamina {tunica) propria (or corimn). The latter only 
contains blood and lymph vessels, from which the epithelial cell must draw nourish- 
ment by process of absorption, and transfer through “intercellular bridges.” It 
furnishes support also for the nerve supply. We may now consider briefly the 
usual types of simple and stratified epithelia. The main facts are summarized in 
the outline on page 35 : 
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scalae tympani and vestibuH of the mtcmal ear, and the subarachnoid and sub- 
dural spaces of the brain and spinal cord. These cavities arise as splits, or by 
the union of isolated spaces, in the mesenchynia, ' the mesenchymal lining cells 
taking on epithelioid characters and arranging themselves in the form of a mem- 
brane. The most satisfactory disi>osition of this group of epithelia seems to be to 
classify them as false or mesenchymal epithelia. 

Such epithelia have been experimentally produced by the 
introduction of small sheets of colloidin and masses of 
paraffin into the subcutaneous tissue and cornea respec- 
tively, of laboratory animals; the connective tissue cells 
became changed into large flat cells, disposed in the man- 
ner of a mcsothcUura. These results suggest the conclusion 
tliat the mesothelial cells of pleura, pericardium and ]>erito- 
neum may be regenerated in the event of destruction from 
exposed connective tissue cells of the sul)epithelial stroma.^ 

The individual squamous cells arc flat plates bulging at 
the center where the oval nucleus is located, with serrated 
borders. In surface view the endothelial cell is oblong, the 
long axis parallel with the long axis of the vessel (Fig. 46) , 
while the mesothelial cell is polygonal in outline (Fig. 47). 

In sections through the nucleus, these cells in side view 
present a flat spindle-shaped appearance. 

Mesothelia exhibit small intercellular spaces, the slig^ 
inaia Tiiey have been regarded as openings l)ctwcen the 
body cavities and lymph spaces and\'csscls; but arc more 
probably transient structures, perhaps artifacts. AMom- 
inal mesothelial of lower forms, c <7 , frog, contain also 
permanent openings, or stomata, surrounded by specialized 
guard cells. 

The mesenchymal epithelial cells of synovial membranes 
vary greatly in shape according to the d^rce of pressure 
to which they arc subjected. They may thus be of the cuboidal or the squamous 
type; and they may even become pressed apart so as to expose the underlying 
connective tissue. 

Simple Oolunmar Epithelium.— /’/ein,— This type of epithelium consists of 
columnar or cylindrical elements (Fig 44), in transverse section presenting po- 
lygonal, frequently hexagonal, outlines (Fig. 45). It may be tall, medium or low 
columnar epithelium, depending upon the height of the individual cell of the 
particular membrane. The lower types may be designated cuboidal epithelia (Fig, 
48). The phenomenon of polarity is particularly well exhibited by a tall columnar 
cell, a condition inhering in a structural and functional differentiation between 
the attached, or proximal, and the free, or distal, end of the ceil, dependent in a 



Liking k Largs Artery. 


* Clarke, 1914. 
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II. Complex (Stratified) Hfitiielia — those whose cells form several superimposed 
layers. 


I. Squamous 


2. Columnar 
(pseudo- 
stratified 
columnar) 


3. Transitional 


I Superficial cells, 
squamous 
deeper, Polyhe- 
dral; the deep- 
est, columnar 
in shape 


Forms the epidermis of the skin, and covers 
the free surface of those mucous membranes 
whidj clothe all orifices in direct connection 
thcrewhh-^'h., the conjunctiva and cornea; 
• the external auditory canal; part of the nasal 
mucous membrane; mouth, pharynx, and 
esophagus; epiglottis and vocal cords; anus, 
as high as the internal sphincter; vagina and 
external portion of the urethra 


Superficial cells,' 
columnar; 
deeper ceils, 
polyhedral or 
spindle-shaped 
(o) Noiieilialcd 
(rare) 

(6) Ciliated 


I (a) Part of ductus deferens 
! (fr) Respiratory tract; nasal mucous mem- 
brane and passages connected therewith, tear 
• ducts, auditory tube, etc., larynx, trachea, and 
bronchi 

Male genital tract; epididymis and ductus 
deferens 


Superficial cells! 
only somewhat 
flattened; next 
deeper layer, 
pear-shaped, 
deepest layers, 
polyhedral 


Found only in the urinary system-— ids., pelvis 
• of the kidney, ureter, bladder, and first por- 
tion of the urethra 


Nonstratified Epitiielia 

Simple Squamous Epithelium (Pavement Epithelium). — ^This variety of epi- 
thelium comprehends two main groups: the endoihelia, lining the vascular sys- 
tem, and the mesothclia of the serous membranes lining the large internal closed 
cavities — pleurae, pericardium and peritoneum This distinction is somewhat arbi- 
trary but nevertheless useful, and derives justification in that endothelia arise in 
the first instance from syncytial mesoderm (mesenchyma) and mesothelium from 
epithelial mesoderm 

But according to Bremer ® at least some of the earliest blood vessels in man 
also arise from true mesothelial cells. Mesothelium lines the extra-embryonic body 
cavity and is reflected over the yolk sac and body stalk. In the latter location 
Bremer describes ingrowths of mesothelium into the mesenchyma from which 
endothelium and blood cells develop. 

This classification should include also another group of closed cavities, namely, 
the tendon sheaths, bursae, joint or synovial cavities, chambers of the eye, the 


3 Bremer, 1914- 
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may differentiate into goblet cells, the process involving loss of the cilia. The undu- 
latory movement of the vibratile cilia is altt*ays in the same direction, i.c., towards 
the external surface of the body. The coordinated movement of the cilia in a 
definite direction scr\’cs to carry the mucus wth its adherent dust and debris 
toward the exterior. Each cell contains from 20 to 30 cilia. The cilia move auto- 
matically, their coordination throughout the ciliated area being effected by a proto- 
plasmic continuity between adjacent cells mediating a primitive type of nervous 
activity, designated “neuroid transmission.” The cilia move from 12 to 20 times 
a second. 

The second chief t\pe of ciliated epithelium, t.c., that with nonmotile cilia, is 
found best represented in the duct of the epididymis. These cilia lack basal granules. 
Ciliary motility is apparently dej^endent upon attach- 
ment to centrosomal (basal) granules. These cells 
divide at first only by mitosis ; after the assumption 
of secretory activity, by amitosis The function of 
nonmotile cilia is related to the process of the elimina- 
tion of secretions. The “brush borders” of the cells 
of the convoluted tubules of the kidney, and the 
“striated borders” of the plain columnar cells of the 
gastro-intestinal tract, are less highly developed anal- 
ogous structures. These pseudociha (sfcrcoctlia) 
represent spongioplastic remnants of the distal bor- 
ders of cells altered during secretory or absorptive 
activity. 

Glandular Epithelium. — This type derives its 
name from the fact of the predominance of the 
glandular function. This condition is structurally ex- 
pressed in a segregation of the presecretion bodies 
(granules, rods, threads) in the basal end of the cell, 
and of the secretion products (granules, spherules, 
and mucous or serous fluid) in the distal end (Fig, 

40). Morphologically it represents simply a modified 
columnar cell, its pyramidal shape resulting from 
mechanical factors due to its disposition in saccular 
or spherical acini, the periphery of the central lumen 
of which is much less than the periphery of the 
acinus, necessitating the modification in sltape of the individual cells (Fig. 46V The 
cells of glandular epithelium usually lack cuticular borders. Pyramidal or glandular 
epithelium is found m tubules of the kidney, salivary glands, the pancreas, in the 
secreting glands of the gastric and intestinal mucous membrane, in the mucous 
glands of the esophagus, pharynx, bronchial tubes and oral and nasal cavities, and 
in the secreting glands of the skin. 

Goblet-cell Epithelium.— A further important and widespread modification 
of columnar cells in epithelia concerns the elaboration and storage of mucous 



Fig 49. — Columnar Cell in 
Process of Ciliogenesis. 

From the hydatid of Aforgagni ; 
showing the partition of the cen- 
trosome and the migration of 
the resulting basal bodies to the 
distal surface where cilia are 
sprouted. X2000. (From Walter, 
Auat Rec., 1929, 42:2.) 
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final analysis in larger measure upon distance trom source of the nutritive and oxy- 
genative stream in the hlood, The nucleus is generally located nearer the proximal 
end ; this end, moreover, tapers to a point and is occasionally hlfid ; and it contains 
the presecretion (crgastoplasm, prozymogen, etc.') granules, rodlets and fthrlls in 
secreting epitltelia (Fig. 40). The distal border is frequently striated (aiticular 



Fic. 47.— Mesothelium, Subpacr View, from the Mesentery of a Rat. 
Silver nitrate and hematrin X 550 


margin, striated border), an appearance due to the presence of minute canals, or 
more frequently, short pseuclopotba, mediating absorption or the elimination of 
secretion. Striated borders are particularly prominent in the columnar cells of 
the intestine. In the secreting cells of the kidney the marginal processes are 
more prominent and divergent, forming "brush borders.” Where the cel! mem- 
brane becomes greatly thickened on the 
free surface of a columnar cell, it is 
termed a entsia. Also, in neuro-epithelial 
cells, the free bonier mediates recep- 
tion, the attached pole transmission of 
stimuli. 

Modified Columnar Epithelium. — CiLi- 
ATCD Epithelium. — This occurs ‘in two 
distinct forms: (a), that in which the 
haif'like processes or cilia are vibratile; 
(h), that in which the cilia are nonmotUe. In the former case the cilia are attached 
to a double row of basal granules, ranged along the distal border of the columnar 
cell. In development the cilia sprout from these granules The basal bodies are par- 
tition products of the centrosome. Such ciliated cells divide only by amitosis. They 



Fig. 48 — CuEOiDAL Epithelium from the 
Rete Testis op the Rabbit. 
a, epithelium, b, connective tissue. Hem- 
atein and eosin. X550 
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The accumulation of mucus (mucinogen) witliin the cytoplasm expands the 
cell, finally ruptures its walls in the direction of least resistance, and thus permits 
its mucous content to exude upon the free surface, leaving behind the small 
glandular protoplasmic cell remnant attached to the basement membrane. Tiie 



Fig. si. Fig. 5?, 

Fig. si.— a Group or Cells fro.m a Tbansectiox op an Acinus or the Human Pancreas; 
Glandular Epithelium, 

Hematcin and eosm. X550. 

Fig. 52.— Goblet Cells as Seen in a Transection or a Crvpt or the Large Intestine 
OF Man. 

Sections of five floblet cells are seen among the columnar cells which line the tubule. 
Muchematein and eosin. X550. 


further history of these cell remnants is somewhat doubtful. They are possibly 
resorbed or removed, and finally replaced llirough mitotic division of adjacent 
cells. There is, however, some evidence to show 


that after function they are still capable of further 
growth whereby they may regain their original form 
and become again able to pass through the same 
stages of secretory activity. 

NEURO-EriTiiELiUM. — The cells of neuro-epi- 
thelium are columnar elements specially differentiated 
to form nerve end-organs. They are usually elon- 
gated cells having a bulging nucleated center, their 
free extremity either projecting beyond the epithelial 
surface as a bundle of fine cilia or as a slender 
nonciliated process which terminates within a pore- 
like opening directly connected with the free sur- 
face, Their attached extremity, tapering to a fine 
process, is in relation with the terminal arborization 



Fig. 53 — Diagram Showing 
THE Arrangement of the 
Columnar and Goblet Cells 
OP Figure ^ 2 . 


of the axis cylinder of a nerve fiber. Netiro-epi- The goblet cells are reprt- 
thelium is found only in the several organs of rented as being empty; their 
special sense, and will be more fully described as a portions contain- 

part of these several organs. seen * distinctly 
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secretion, givjngf to the loaded cells a goblet form (Figs. 52, 53). Goblet cells 
may occtir among^ cither tlie plain or ciliated columnar cells. They arc most 
abundant in the intestimal tract but arc also to l)c found in the bronchial lubes, 
trachea, nasal mucous membrane, awl in the ducts ami tuhulcs ol mucus secreting 
glands. In such epithelial membranes cenain columnar cells, if not indeed all 
of these cells, are destined to secrete mucus. The cytoplasm of such cells is com 



Fig, 50. — CiLiATEJj Cells tkou Intestine or toe Mussel, Cyclas. 

The cehs have a double row ol basal gramilcs, with cilia attached to the distal row, rootlets 
(tooofibrils) to the proximal row'. The medial cell, in mitosis, lacks ciba. Xajoo (Helvesrine.) 

verted info a glairy mass of a peculiar vitreous appearance, ivhich occupies an 
increasing proportion of the free extremity of the cell. This "mucirK^en,” ivhen 
acted upon by alcohol, is precipitated within the cell, and then forms fine basophilic 
fibrils or granules \vhich stain deeply with the muchematein and mucicarmine 
solutions of P. Mayer. At the base of the goblet cell, its nucleus is embedded 
in a minute mass of unaltered granular cytoplasm. 
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The accumulation of mucus (mucinogcn) within the cytoplasm expands the 
cell, finally ruptures its walls in the direction of least resistance, and thus permits 
its mucous content to exude upon the free surface, leaving behind the small 
glandular protoplasmic cell remnant attached to the basement membrane. The 



Fig 51 Fic. 52. 

Fig. si.— a Group of CEi.t.s prom a Transection* of an Acinus of toe Human Pancreas; 
Glandular Epithelium. 

Hematcin and cosin. Xsso. 

Fig. 52.— Goblet Cells as Seen in a Transection of a Crvpt of the Large Intestine 
OF Man. 

Sections o£ five goblet cells are seen among the columnar cells which line the tubule. 
Muchematcin and eosin. X550. 


further history of these cell remnants is somewhat doubtful. They are possibly 
resorbed or removed, and finally replaced through mitotic division of adjacent 
cells. There is, however, some evidence to show 


that after function they are still capable of further 
growth whereby they may regain their original form 
and become again able to pass through the same 
stages of secretory activity. 

Neuro-epithelium. — The cells of neuro-epi- 
thelium are columnar elements specially differentiated 
to form nerve end-organs They are usually elon- 
gated cells having a bulging nucleated center, their 
free extremity either projecting beyond the epithelial 
surface as a bundle of fine cilia or as a slender 
nonciliated process which terminates Tvithin a pore- 
like opening directly connected wdth the free sur- 
face. Their attached extremity, tapering to a fine 
process, is in relation with the terminal arborization 
of the axis cylinder of a nerve fiber. Neuro-epi- 
thelium is found only in the several organs of 
special sense, and will be more fully described as a 
part of these several organs. 



Fig. 53 — Diacrasi Showing 
THE Arrangement op the 
Columnar and Goblet Cells 
OF Figure 52 

The goblet cells are repre- 
sented as being empty; their 
unaltered basal portions contain- 
ing the nucleus are distinctly 
seen. 
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StRATiFiKD Ermrr.Liu.M 

Stratified Squamous Epithelium. — This variety of cpitliclium occurs as a 
membrane of varying thickness but ahvays comprising several cell layers. A 
straigljt line perpendicular to its free surface «'Ot/Jd /)cnctrate from five to thirty 
Of more epithelial cells. But while there is a wide diversity in the thickness of the 
epithelial layers, the character of the cells at any gi%-en level is very nearly con- 
stant. Thus the deeper cells, those nearest the basement membrane, arc nucleated, 
of soft consistence and may contain mitotic figures, huYtcnting that it is at this 
level that cell reproduction is most active. Toward the surface of the membrane 



Fig 54 — Stbatifiep Souamoos Epitkehom from the Human Esophagus. 
a. basement membrane; b, connectHC tissue. Hematem and cosin X410 

the cells become progressively of firmer consistence, so that the most superficial 
ones present a horny appearance as a result of the gradual keratization of the 
cytoplasm during the progress of the cell toward the surface. The keratization 
IS apparently dependent upon surrounding physical conditions, for it is much more 
marked m the skin, which froni constant and rapid evaporation is comparatively 
dry, than in the mouth, esophagus, or conjunctiva, where the epithelium is con- 
stantly moistened by glandular secretions; the margins of tlie lips, eyelids, etc., 
present an intermediate state of keratization. 

With these chemical ciianges in the composhion of the cytoplasm there are 
corresponding changes in its nucleus. In the deeper cells, the nucleus is oval 
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or spherical and highly chromatic. Toward the surface, the nucleus becomes more 
and more flattened and more and more obscured by the cornification of the cell 
protoplasm. In the most superficial cells it is usually impossible to demonstrate 
the nuclei, except by acting upon their protoplasm with strong reagents such as 
caustic alkalis, soda or potassa. 

But the most characteristic change in the cells of stratified epithelium is the 
progressive transition in shape undergone during their passage from the deeper 
layers to the free surface. New cells, resulting from indirect division of the cells 
in the deeper layers, are by continued reproduction gradually pushed toward the 
surface, whence they are constantly being desquamated in small scaly masses. The 



Fig 55, — Epidfrmis or the Skin of the Fincer Tip. Showing Extrf.mf. Kpratization 

OF THE EpITIIF.LIUM 

a, keratized epithelium, b, nulpigliian or germinal lajcr, c, connective tissue Hematein 
and eosin Xso. 

pressure exerted in this process tends to gradually flatten these cells so that their 
vertical diameter, that perpendicular to the surface, becomes progressively shorter 
the nearer they approach the free surface; on the other hand, their transverse 
diameter, that parallel to the surface of the epithelial membrane, is correspond- 
ingly increased. The deepest cells of the stratified epithelium — those which rest 
upon the basement membrane — are elongated in their vertical diameter and 
possess an irregularly columnar shape. Their nuclei are likewise elongated, oval 
or elliptical in shape. In the skin of brunettes and the dark-skinned races, and in the 
epithelium of the skin of the scrotum, perianal region, and areolae of the breasts 
these cells contain small granules of the pigment to which the color of the cuticle 
is largely due. This columnar cell layer is then described as the layer of pigment 
epithelium. Superficial to these, but still in the deeper layers, are polyhedral cells 
with spherical nuclei, which are known as prickle cells because of their prominent 
intercellular bridges. Superficial to the prickle cells, the epithelial cells become 
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progressively roore flattened, until at tlw surface, they arc mere scales' This 
gradual transition from columnar and jwlyhcilral cells below, to thin flat scales on 
the surface is characteristic of all stratifled epilhcHum. 

The thin superficial scales resemble very closely in shape and appearance the 
squamous epithelium previously described. The dcci«r cells luve a finely granu- 
lar cytoplasm and distinct nuclei except wlicn ob- 
scured by the ap|>carance of keratin within their 
protoplasm. Many of these cells contain coarse 
granules o( clciditi and i^rrotohyab'u — substances 
chemically jutenncdialc between the unaltered and 
kcrattzed protoplasm. 

As stated, the formation of ^rrafin within these 
cells is more active in those membranes whicli are 
coni|i.irativcly dry from exposure to the air. Con- 
sequently, it is most active in the epidermis of the 
skin. If stratified epithelium is at all times tvell 
moistened, as, for example, in the mouth and esopha- 
gus, the formation of keratin is slight, and (lie soft 
polyhedral cells compose tlic major portion of the 
epithelial membrane which then has only a thin su- 
perficial covering of flattened scaly cells. In the 
comparatively dry epidermis, on the other hand, the 
flattened homy cells frequently occupy more than 
half the {bickness of the epithelial lajer (Fig. 55). 
In the superficial squamous cells of moist mem- 
branes the nucleus can always be readily demonstrated, even in the keratited cells 
of the extreme surface. Cells of the intermediate layers, especially those just above 
the prickle layer, frequently show nuclei in process of 
amitotic division. This condition is presumably associated 
with an early stage of degeneration dependent upon a 
scarcity of nutriment due to the relatively greater distance 
of these cells from the source of supply. It will assist in 
the understanding of the structure and morphological char- 
acteristics of the several layers of cells to think of the 
superficial squamous cells tn terms of the innermost col- 
umnar cells, modified during the passage to the surface 
by mechanical (pressure), physical (desiccation), and 
chemical (keratiration) factors. 

Pseudostratified CoImniMtT Epithelium — The super- 
ficial cells only of this variety of epiUieUum are columnar 
in shape, and except in one or two unimportant places are 
aln-ays ciliated. The deeper extremities of these columnar 
cells taper to a point, and extend ail the way to the base- 
ment membrane. Between the tapering ends of these cells 



Fjc. 57. — Diagram 
SnoiviNG Tjie Man- 
ner IS AU. 

Tif E Epith ELI AC Cells 
or PSEUIMSTPATIFIED 
CiLiATER Epithelium 
Reach the Base- 
ment Membrane. 
Lttiers as in the prt- 
cedinff figure. 





Fig 5$ — PsEunosTRATjriED 

Columnar Ciliateu Efitue- 

LIUM FROM A BrOVCIHAL 

Tube of Man. 

0, a goblet cell : b, cilia ; e. 
superficial C>topUsmic layer, 
the nuclei of the columnar 
cells are somewhat more deep- 
ly stained >.than those of the 
tesal cells; e. basement mem- 
brane } f, connective tissue. 
Hematein and eosin. Xsso. 
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small spindle-shaped spheroidal cells are closely packed. The several varieties of 
cells thus appear to be super-imposed, though all actually rest upon the basement 
membrane. The superficial cells of this variety extend throughout the entire thick- 
ness of the membrane. Hence this form of epithelium may in one sense be called 
simple rather than stratified. The distribution of this variety of the epithelium is 
practically identical with that of ciliated cells. The deeper extremities of the col- 
umnar cells are occasionally bifid or even somewhat varicose in order the more 
closely to fit between the spindle-shaped and spheroidal cells of the deeper portion. 
The nucleus of these latter cells is usually situated a little below the middle of 
the columnar cell, so that all the nuclei of the epithelial membrane lie within its 
deeper half, thus giving to this portion a more deeply chromatic appearance when 
obsen'e<l in stained sections under low magnification. The superficial half of the 
epithelial layer contains only the cjtoplasmic portion of the columnar cells with 
their ciliated borders. 



Fig 58 — Th^nsit/oxal EriTn£tiu.v most a TpANSEcrfo.v or rns Ureter of ak Infant 
a, epithelium; 6, connective tissue. Hematem and cosin. X550. 


This type of epithelium is frequently designated simply “stratified columnar” 
and in fact in certain instances tinder conditions of further modification involving 
a separation of the taller cells from the basement membrane, it passes, over more 
or less extensive areas in the respiratory and male genital tracts, into actual 
stratified columnar epithelium Toward the proximal end of the male urethra the 
epithelium is of the true stratified columnar (nonciliated) tvpe. 

Transitional Epithelium.— This -variety resembles somewhat stratified squamous 
epithelium m that it is composed of several cell layers, the deeper cells of which 
are more nearly polyhedral but are somewhat flattened upon the free surface 
but differs in having a smaller number of cell layers— in which respect it is transi- 
tional between simple and stratified squamous epithelium— and in the character 
of the superficial cells. Transitional epithelium is not usually more than from 
three to ten cells deep, four to six being the rule. The number of cell layers and 
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the consequent actual thickness ol epithcHnl membranes is to a certain extent 
dependent upon their state of tension during life; thus the transitional epithelium 
of the urinary bladder is mucli thicker wticn tlic organ is collapsed ttian during 
distension. 

The deepest cells are polyhedral, and these form the greater portion of the 
membrane. Only the more superficial layers differ therefrom. Those polyhedral 
cells which lie in the midregion of the epithelial l3>cr possess a peculiar flask or 
pear shape, with well-rounded bodies and a broad tapering process which is 
embedded between the adjacent cells of the deeper layers. The rounded extremi- 
ties of the pear-shaped cells fit into peculiar indentations in the deeper surface 
of the superficial layer of epithelial cells, producing peculiar concave facets, which 
are specially characteristic of the detach^ superficial cells of transitional epithe- 
lium. 



Fic 59-- IsoiATEO Celi-s Which Mav ArrsAR in Human Urins. 

A, from the vagina of a woman (stratified setuamous epithelium} ; S, from the ureter 
of a child (transitional epithelium); a, cells from the deep layers; b, superfidal cell. 
Moderately magnified 

The superficial cells, while somewliat flattened, usually have a thickness equal 
to one-stxth to one-third their transverse diameter. In this respect they differ 
markedly from the superficial scaly cells of stratified squamous epithelium' and 
are easily distinguished therefrom, even in the isolated condition in which they 
are frequently found in the urine. The concave facets on their under surface, as 
well as the peculiar pyriform sliape and small size of the deeper cells, are sufficient 
to distinguish the transitional cells frc«n those of stratified epithelium. 

There is little, if any, formation of keratin in transitional epithelium. This is 
possibly explained by the fact that, as it occurs only in the urinary system, this 
form of epithelium is always well mt^tened. Differentiation of this variety of 
epithelial tissue, though neglected by some authors, becomes most important in 
♦^he clinical exatnmaiton of urine where it is necessary to determine the origin of 
individual cells. Transitional cells from the bladder are easily distinguished from 
the stratified squamous ceils of the vagina, urethra, or epidermis. 
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CONNECTIVE TISSUE, CARTILAGE AND BONE 
CONNECTIVE TISSUE 


While in the epithelial tissues the cells are developed chiefly at the expense of 
the intercellular elements, in the connective or supporting? tissues thd conditions 
are the reverse. The intercellular elements arc here developed out of all propor- 
tion to the connective tissue cells. The cells of these tissues therefore are scanty, 
the ground substance considerable, and within the latter a new element, the con- 
nective tissue fiber, makes its appearance. Tlie fibers are of three varieties: ivliUc 
or collagenous fibers, elastic fibers, and reticulum. In any given location either of 




Fic. 6o— E mbryonal Co.s”nective 
Tissue, Early Stage. 
Highly magnified (After ^fall ) 


Fia 6i.— E mbryonal Cov.nectux Tis- 
sue AT A Later Stage Than is Rep- 
resented IN Figure 6o. (Mali.) 


these varieties may predominate to such an extent as to determine the character 
of the mature tissue, while in the immature forms of connective tissue it is the 
cellular elements which attain the greatest prominence. 

The minute structure of connective tissue is subject to great and important 
changes during its development. Beginning as it does with the primitive mesoderm 
connective tissue is originally a cellular structure. The cells of primitive connective 
tissue, the fibroblasts, not only increase in number by cell division but also secrete 
an intercellular ground substance of semifluid consistence. The fibroblasts fuse with 
each other and finally form a syncytial tissue, the mcsenchyma, in which there 
promptly occurs a differentiation of the cj-toplasm with the formation of an en- 
doplasm and an exoplasm ; and within the latter the fine fibrils soon make their 
appearance, by alignment, subsequent fusion and chemical alteration of granules 
\vhich may be designated as fibrochondria. Meves regards these initial granules as 
mitochondria (chondrioconts). The exoplasmic portion of the fibroblasts subse- 
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the consequent actual thickness of efHtlieltal membranes is to a certain extent 
dependent upon their state of tension during life; thus the transitional epithelium 
of the urinary bladder is much thicker when tlic organ is collapsed than during 
distension. 

The deepest cells are polyhedral, ami these form the greater portion of the 
membrane. Only the more superficial layers differ therefrom. Those polyhedral 
cells which He in the midregion of the epithelial layer possess a peculiar flask or 
pear shape, with well-rounded bodies and a broad tapering process which is 
embedded between the adjacent cells of the deeper layers. The rounded extremi- 
ties of the pear-shaped cells fit into peculiar indentations in the deeper surface 
of the superficial layer of epithelial cells, producing peculiar concave facets, which 
are specially characteristic of the detached superficial cells of transitional epithe- 
lium. 



Fig. 59 — Isolated Cells Witrcii Mav Appear i.v Hvuak Urine. 

A, trom the vagina of a woman (siraJifiwJ squamous tpithelium) 5 B, from the ureter 
of 3 child (transittonal epithelium); a, cells from the deci> layers; h, superficial cell. 
Moderately magnified 

The superficial cells, while somewhat flattened, usually have a thickness equal 
to one-sixth to one-third their transverse diameter. In this respect they differ 
markedly from the superficial scaly cells of stratified squamous epithelium’ and 
are easily distinguished therefrom, even in the isolated condition in which they 
are frequently found in the urine. The concave facets on their under surface, as 
well as the peculiar pynfonn shape and srnall size of the deeper cells, are sufficient 
to distinguish the transitional cells from those of stratified epithelium. 

There is little, if any, formation of keratin in transitional epithelium. This is 
possibly explained by the fact tliat, as it occurs only in the urinary system, this 
form of epithelium is always well moistened. Differentiation of this variety of 
epithelial tissue, though neglected by some authors, becomes most important in 
»he clinical examination of urine where it is necessary to determine the origin of 
individual cells. Transitional cells from the bladder are easily distinguished from 
the stratified squamous cells of the vagina, urethra, or epidermis. 
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gradual consolidation and fusion of minute structural elements in a gelatinous, 
transparent cell-free ground substance. This ground substance pervades the em- 
bryonic body from very early stages of development and represents a secretion 
product of the cells of the several germ layers. Fibers, presumably fibrin fibrils, 

\ 


make their appearance as a delicate 
net-like structure, in which it is 
claimed arise the long coarser fibers 
typical of connective tissues. Both 
chemical and mechanical factors are 
assumed to operate in the process. 
Harrison “ supports this concept of 
intercellular fibrillogenesis in connec- 
tive tissues on the basis of his study 
of the balancer membrane in sala- 
mander embryos. Maximow ® records 
similar findings with regard to reticu- 
lum and collagen fibrils in tissue cul- 
tures of the thymus of rabbit and 
guinea-pig. The fibrils in these tissue 
cultures are described as arising apart 
from exoplasm, as extracellular 
formations and without relation to 
mitochondria or fibrin. He interprets 
hib preparations as demonstrating 
also the transformation of initial 
reticulum fibrils into collagen fibrils. 

The claim that the initial connec- 
tive tissue fibrils arise in the extra- 
cellular tissue juice, in the manner 
of a coagulation process, is contra- 
dicted by the fact that dissociation of 
primary connective tissue with caus- 
tic potash, as in the case of the um- 
bilical cord of pig embryos,* yields no 



Fic. 63— GROur OF FlIiROBLASTS FROM UmBTLICAL 
CORI> OF 10 MM. Pic EmbRVO, PARTIAtLY D/S' 
SOCIATFO WITH CaUSTIC PotASH. 

This shows the extensively branching character 
of the cells, and the origin of the initial fibrils in 
exoplasm The ultimate cell processes represent a 
fibnt with a deticale sheath of cytoplasm. Pibrillo- 
genesis m this type of connective tissue is an 
intracellular process. X800. 


free fibrils. Such dissociation frees 
only extensively branched cells with fibrils in the exoplasmic regions and through- 
out the finer cell processes (Fig. 63). These fibrils are argyrophil and react posi- 
tively to i^lallory’s technic for reticulum. The finer fibrils are chemically different 
from the tonofibnls of certain epithelial cells. Certain coarser peripheral fibers 
resemble so-called fibroglia but their staining reactions and the fact that they split 
terminally into finer typical reticulum fibrils marks them as simply a coarser variety 

• Harrison, 1925. 

® Haximow, 1929 

* Jordan, 1939. 
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quently separates Irom the cells, and as it dissolves into gronnd siihslancc it 
deposits its fihrils into the enlarging intercellular siiaccs. This process continues, 
new ground substance and fibers Iieing constantly formed at the expense of the 
endoplasm until finally the remnant of the latter again forms isolated cells. The 
culmination of these changes results in the mature fdirillar connective tissue in 
which the cells arc shmnlccn anil scarce, though still cajaWc of assuming renewed 
activity on demand of altered conditions. In the sulicnlancous tissue many of these 



Fic. 62 — Area or Umbjucal Coro of 10 mm. Pic Embryo. 

The origin of initial connective fibrils m tlie protoplasm of the cell processes is sboivti. X800 
Foot's reficu/iim technic 


small fibrocytes grow to original size and persist as potential fibroblasts. The 
definitive fibrils result in part from /ongifudmal splitting of the coarser prtmhire 
fibers, collagenous, elastic and retiailar, both within the exoplasm of the fibroblasts 
and in later stages in the intercellular spaces. 

Certain investigators describe a very diflFcrent mode of fibrillogenesis. The 
process is said to be fundamentally intercellular rather than intracellular. In frog 
and chick embryos Baitseil' describes the origin of connective tissue fibers as a 


t Baitsell, 191S. 1935 - 
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Other methods of dissociation, yet on careful examination indications of fibrillar 
structure can be seen in the reticulum of fresh tissue and in ordinary microscopical 
preparations. The chemical reactions of the reticular fibers arc similar to those of 
collagenous fibers except that the former arc much less readily digested b;^ artificial 
^stric juice. 

Flattene<l connective tissue cells clasp the bundles of reticular fibers; they are 
mostly found at the intersections of the anastomosing bundles. This fact was 
accountable for the former thoorj', %vhich regarded reticular 
tissue as formed by the anastomosing branches of stellate cells. 

The careful investigations of Carlier and others have shown 
the true nature of the lamellar cells and their underlying fiber 
bundles. 

The fibers of reticular tissue very closely resemble the col- 
lagenous fibers of areolar tissue, but differ from them in having 
a clearer, more highly refractive appearance. Their digestion 
in pepsm begins only after an mten'al of two hours, wliilc 
white fibers arc digested m a few minutes; they also stain less 
readily than white fibers and yield rctkuVm, winch differs 
somewhat from the gelatin of white fibrous tissue The intimate 
histologic relation between the reticular and white fibrous tissue 
is shown by the fact tliat the two tissues are frequently con- 
tinuous and exhibit similar staining reactions. 

Mall “ has attempted to show tliat reticular tissue should 
be considered as that form of connective tissue which has been 
least differentiated from the embryonic mescnch)^^! type He 
accordingly considers the cells of the recticulum as formed by 
the undifferentiated endoplasm, and the reticular fibers as rep- 
resenting the specialized exoplasm of this most primitive type 
of true connective tissue. In the liver, the reticulum arises from 
the endothelial cells of von Kupffer instead of directly from 
mesenchyma 

Loose Pibro-clasik or Areolar Connechve Tissue. — ^Loose 
fibro-elastic or areolar connective tissue (Fig. 64) is the most 
widely distributed of all the varieties; it fills all other unoccu- 
pied spaces witlim the body, and in all microscopical sections 
areolar tissue is almost invariably to be found. It is also 
bnown as loose connective tissue in contradistinction to the more compact or dense 
varieties. This tissue connects the skm with the underlying structures, maintains the 
position and relation of adjoining muscles, surrounds the heart and its great vessels, 
envelops the abdominal viscera as submucous and subserous sheets, occupies the 
spaces of the mediastinum, and fills similar intervals between the various organs 


FlC 70 — bUNDLE 

OF CoLi-AOEK Fi- 
brils AFTER Treat- 
ment NviTii Djlutr 
Acetic Acid 
The white fibers 
swell and assume a 
beaded appearance 
The constrictions 
result from the 
presence of circular 
elastic fibers. The 
material is from the 
subcutaneous tissue 
of an albino rat, 
Xifia 


^“Carher, 1895. 
Mali, 1902 
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of comiectivc tissue fi!>cr. The iilca that the initial alleged intercellular fibers arise 
from fibrin fibrils produced by coagulation of the intercellular fluid under the influ- 
ence of an enzyme liberated by the fibroblasts, is based upon tbe reaction of fibrin 
to Mallory’s connective tissue stain. But the fact that fibrin and reticulum both 
stain blue by this teclinic cannot properly be regarded as proof of chemical identity 
or genetic rclationsliip. 

Embryonic connective tissue is typically cellular as compared with the mature 
type; its ground substance is abundant but the fibers, whose development is as yet 
incomplete, are scanty. Such embryonic connective tissue Is found not only in the 



Elf, elastic fiber; Kolf, collagenous (white) fiber bundles; Fb fibroblast (lamellar cell); 
.’ifs, mast cell; IFs, resting wandering cell (clasmatocyte) ; Pis, plasma cell; A'/, clasmato- 
cyte (macrophage); fw, eosinophil. Xiyso. 

fetus but also in early childhood and in the adult, especially during regeneration 
of destroyed areas of connective tissue, and in other more or less pathological 
conditions. 

Connective Tissue Cells. — The cells of connective tissue include the following 
varieties : fibroblasts, phagocytes, mast cells, and plasma cells. The fibroblasts are 
subdivided on the basis of a difference in shape into: lamellar cells, stellate cells 
and spmdle cells. This order of division jKiraUels in general an increase in differ- 
entiation (age) and a decrease in size of the fibroblasts. 

The phagocyte s of connective tissue are identical with the monocyles of the 
blood, and have an identical derivation, namely, from lymphocytes chiefly, and in 
part from reticulo-endothelium and young fibroblasts, particularly reticular cells. 
These phagocytes are commonly known as clasmatocytes, but are also referred to 
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quently branch and anastomose, forming in this tray a vco" fine net with wide 
meshes, within which arc the interlacing hundics of white fibers. Tlie elastic fibers 
exist under a certain tension during life, so that their course under favoralile con- 
ditions is inrariably straight. When areolar tissue is removed from the body this 
tension is frequently relieved and the efastic fibers then curl up, estxicially at their 
free ends. Under these conditions they are no longer straight, but present a grace- 



Teno'no fibi'C- 
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Fio. 73 — Transverse Sectiox or Portion ofTexcon of Huam.s' Fixxes. 
a. thrc«-winged ceJl; four*«ms«<l ccU; <•. primary bundle, completely enshoaUied by 
the wings of tendon ceils, and divisible mto stiU smaller bundles of collaficnous fibers out- 
lined by finer processes of the wings. The individual fibers arc not shown. GoM chloride. Xiooo. 


Fic 74 — Piece of Tenoon* from Tail of White Mouse. 

Between the bundles of connective (issue-iissue fibrils are cells arranged in rows Some 
are seen in surface view, and others \n optical section. X400. (From Siymonowica- 
MacCallum, Histuldgy oiid jl/icrojco/*ie /f«o/o«iy.) 


fully curved contour. Tlie elastic fibers also possess a glassy, sluuy, or liighly 
refractive appearance, the collagenous fibers by comparison to them looking dull 
and opaque. 

Elastic fibers stain but slightly with most dyes; they are readil}- colored by 
orcein and by Weigert’s elastic tissue statn (resorejn-fuchsin), both of which serve 
as specific dyes for these fibers, coloring tJse fibers dark brown or black. Elastic 
fibers are not dissolved by dilute adds or alkalis even when boiled, and are only 
digested by artificial gastric juice after a lapse of several hours; they are, however, 
readily digested in faintly alkaline solutions of pancreatin. They consist of the 
albuminoid body, elashn, which on boiUng does not yield gelatin. Both collagenous 
and elastic fibers anse bj- a similar process involving transformation of the e,\o- 
plasm ol their respective fibroblast prt^emtors Whether the fibers are deposited 
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Fin. 71. •— Longitudinal Section op 
Tendon op Human Finger. 

Only the nuclei of tlie tendon cells 
are conspicuous, scattered in rows 
among: the collagenous fibrils. TIic rows 
of nuclei mark the boundaries of the 
primary bundles. X?50. 


in all parts of the body. Areolar tissue of course varies in the degree of its laxity 
or density. 

The ground substance of areolar tissue is a coagulable fluid, the tissue jtiicc. 
Solutions of silver nitrate injected into the interstices of areolar tissue coagulate 
its tissue juice or ground substance and darken it slightly. It is then seen to he per- 
meated by broad lymphatic channels, which 
arc lined by delicate endothelioid mesen- 
chymal cells.*’ 

Both collagenous and clastic fibers occur 
in areolar tissue, the former being far in 
excess of tlic latter. The comparatively loose 
reticular ar- 
rangement of the 
fibers of fibro- 
elastic tissue af- 
fords a most fa- 
vorable opportu- 
nity for the 
study of these 
connective tissue 
elements. 

The collage- 

nous or while fibers in mature tissues are invariably 
arranged in bundles which interlace with one another 
to form an open network. Each bundle consists of a 
number of very fine fibers whose course is chaTacter- 
istically \vavy or undulating. Though the individual 
fibers rarely branch, the fiber bundles frequently 
anastomose with one another. The white fibers are 
readily stained with most acid dyes, and possess a 
special alfinity for acid fuchsin. Chemically they consist 
of the albuminoid collagen, a “colla” or glue- 
producing substance, which on boiling in water 
yields gelatin, and is readily dissolved by boiling 
in dilute acids or alkalis Collagen fibers are 
digested by artificial gastric juice in five or ten 
minutes but are scarcely altered after several 
hours when acted upon by solutions of pancreatin 
or trypsin. After boiling, however, white fibers 
are readily digested by pancreatin. In dilute acids they swell and become trans- 
parent. 

The elastic fibers of areolar tissue, in comparison with the collagenous fibers, 
are few in number. They occur as isolated fibers — never in bundles — which fre- 


Fic. 78. — Portion of Tendon 
FROM A Cow. 

conn 1. c.. connective tissue 
tells (tendon cells) seen from 
the side and, in one case, from 
the surface. (From Dablgren and 
Kepner, Animal Histology, Mac- 
millan Co.) 


12 MacCallum, \V. G , I903- 
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Elastic fibers in this tissue are relatively fe^v in number and are so obscured by 
the dense bundles of white fibers as to be scarcely demonstrable except by means 


of the specific stains. Tendon will be further dis- 
cussed in connection with striped muscle. 

Dense Elastic Tissue. — In this form of tissue the 
elastic fibers are developed at the expense of the col- 
lagenous fibers. The ground substance is insignificant 
in amount, and the connective tissue cells are scanty 
and are confined to the white fibrous sheaths in which 
the elastic fibers arc enveloped. The elastic fibers are 
of ver>' large size (lo to 15 /t) as compared w'ith 
those of other forms of connective tissue. But except 
for their larger size, these fibers have the same pe- 
culiar characteristics as the elastic fibers of areolar 
tissue. In their straight course, frequent branches, 
and their glistening, highly refractive appearance, as 
also in their characteristic reactions to specific dyes 
and other reagents, these fibers are identical witli the 



Fic. 77 . — Transection of a 
Fasciculus of the Liga- 

MENTUM NUCIIAE OF THE 

Ox, Showing the Verv 
Large Elastic Firtrs Em- 
bedded IN A Very Delicate 
Network of Collagenous 
Fibers X550. 


elastic fibers of the other types of connective tissue. 

The elastic fibers arc bound together by delicate sheaths of very fine collagenous 
fibers, and arc united into bundles by coarser bands of fibrous tissue. Elastic tissue 



Fig 78 — Portion of Ligamentum 
Nuchae of Ox. 
conn f. c, connective tissue 
cells. (From Dahlgren and Kep- 


is found in the ligamcnta flava, the stylohyoid 
ligament, and in the ligamentum nuchae, whicli 
is especially highly developed in the neck of 
quadrupeds and commonly known as "whit- 
leather.” In these locations it occurs in consid- 
erable quantity and has a peculiar yellow’ish 
color; it is for this reason that it is frequently 
described as yellow elastic tissue. It occurs also 
as fenestrated membranes in arteries. These are 
formed by a coalescence of neighboring fibers. 
In the process of occlusion of the postfetal 
ductus arteriosus of the pig by increase in the 
amount of the elastic tissue in the wall of the 
artery', the new elastic fibers arise both from 
latent fibroblasts and by delamination of fibers 
from preformed elastic tissue.^® 

Adipose Tissue {Fat Tissue). — ^Wherever 
areolar tissue occurs, adipose tissue may also be 
found; its distribution is therefore identical with 
that of areolar tissue. It forms a considerable 
mass, panniculus adtpostis. beneath the skin of 
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as such or arise by coalescence o£ more fundamental granular elements is a' dis 
puled point. 



Fig. 7S . — IsotATfD Tendox Cells. 

A, with two wings; S, with four wings. (From Maximow, after Tourneau.) Xtooo 


The ccHx of areolar tissue are few in number, but may include any of the 
several varieties, though lamellar and spindle cells together with leukocytes form 
the more common types. jMan)- of the lamellar cells are closely applied to, or even 
wrapped around the bundles of white fibers. Fat 
cells occur in considersbk numbers in all areolar 
tissue and in some places arc aggregated into large 
groups whicli form lobules of fatty tissue. 

Dense Fibrous Tissue. — In dense fibrous tissue 
the ground substance is comparatiTCly deficient. 
Large bundles of collagenous fibers are arranged 
in approximately parallel rows, and are so closely 
packed as to form a dense, firm, highly resistant 
tissue. Its scanty conuecti\"e tissue cells are of the 
lamellar variety and are usually arranged in rows 
wdiich occupy the interstices between the parallel 
fiber bundles. 

Dense fibrous tissue occurs typically in tendons ; 
m these the connective tissue cells often have a 
pcailiar quadrate shape and are arranged in rows 
of exceptional regularity (Figs. 71-74). These 
should be studied in dissociated tendinous tissue. 
It also fonns the ligaments, the fasciae, the mus- 
F/c r6— Coarse Elastic Fx- cular sheaths (aponeuroses), and the enveloping 
BEBs FROM THE LicAMENTUM capsulcs of many of the viscera. Thus it surrounds 
Nuciiae of the Ox kidney, lymph nodes, and other organs; 

IsoJawd by teasing- Partly g|g^ forms the valves of the heart, the tendinous 
diagrammatic. X a out 25 rings which surround the cardiac orifices, and the 

chordae tendineae which are attached to its valves; and in general, it may be stated 
that dense fibrous tissue is found wherever great firmness and resistance are re- 
quired- 
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involving the use of alcoliol or ether, since tliese reagents extract fat from tlie 
cells. Fat, in cooling, solidifies and precipitates delicate threads, t!ic viargarin 
crystals. 

Fat as ordinarily found in the body is a mixture of true fats and fat-hke sub- 
stances or lipoids True or ncirtral fats, the triglycerides of oleic, palmitic and 
stearic acids, arc isotropic ; lipoids, c g„ lecithin, myelin 
and cholesterin, are anisotropic in physical ciiaracter. 

As commonly used in histology lipoids include fats, 
fatty acids, phosphatides, cholesterol, etc., tliat is, sub- 
stances which have the same solvents and which are 
found associated in cytoplasm. 

During periods of starvation or malnutrition, at 
which time fat decreases greatly in volume, many of 
the fat cells return to a condition which approximates 
their former state. As the fat is removed the cytoplasm 
of the cell increases in amount, but assumes a jicculiar 
fluid appearance and is not readily colored by the usual 
dyes These cells, which still contain a number of fat 
droplets, are known as “serous” fat cells. 

Recent investigations have explained the earlier 
disagreements regarding fat histogenesis, U is now 
known that in many species of mammals there occur 
definite regions in which fat develops from sharply 
ctrcumscnlied, lolmlated masses of peculiar ovoid, 
granular cells very different from the usual hpoblast. nucleated Xiooo. 

This adipose tissue has been variously described as 

“brown fat,” “adipose gland.” ‘'hibernating gland," “interscapular gland” and 
“cholesterin gland.” The most definite mass occurs between the dorsal }>orders of 
the scapulae, hence the name "interscapular gland.” This type of adipose tissue 
changes in man during infancy into a tissue indistinguishable from the fat which 
develops directly from connective tissue. According to Bonnot “ remnants may 
persist m the adult. This tissue has been designated as the "gland of Bonnut.” 
King’* describes fairly constant masses of brown fat in man on the posterior 
aspect of the interior abdominal wall and in the retroperitoneal tissue in the iliac 
region. In the white rat. tame moose, and hibernating animals such fat maintains 
throughout normal life its specific embryonal appearance Cramer’® regards this 
glandular type of adipose tissue as functionally closely related to the endocrine 
glands, especially the thyroid and suprarenal. 

The forerunners of the original smallest fat droplets are granules (AUmaim, 
1890). In the subcutaneous tissue of Myxine (hagfish) embryos, Schreiner” has 

Bonnot, 190S. 

’^Kjng, 1031 
Cramer, 1920. 

” Schreiner, 1915. 



Fic. 80.--A Group of Fat 
C l.US FRO.lt TKR SUiJCU- 
TANEOus Tissue of a 
youNo Uaudit, 

Cells 0 sliow stages itt 
tJei clopmcnt ; cell b is cut 
tanceniially thrDUirJj ibn 
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suprarenals, and many lymphatic nodes. Ttw mesentery and omemnm arc freely 
supplied w(h fat. The same tissue fs found in the grooves of the heart wall'and 
it also occupies the spaces of the nicdiastinum. 

Adipose tissue is composed of hhiiles or groups of fat cells which arc sup- 
ported hy fibrous bands and septa and are abundantly supplied with small blood 
vessels. 

The fat celts arise from the connective tissue cells by a dcf)Osit of fat droplets 
y within the cytoplasm of the latter. Such cells constitute Upohlasls. The fat drop- 
lets continue to increase in number and fuse witli each other to form globules of 



Fig. 79. — Portion of a Fat Lobule from the Areolar Connective Tissue Surrounding 
THE Esophagus of a Cat. 

ca/>., capiUary; tt. c, ruckus of a connective tissue ccUj fe., fat cell showing nucleus; 
tr, trabecula of fibro-claslic connective tissue. X50D. 

increasing size, until the cytoplasm finally becomes so excavated as to form a mere 
limiting membrane or cell svall {Fig. 80). The nucleus is pushed to one side in this 
process and is flattened against the cell membrane; it is usually embedded in a 
remnant of granular cytoplasm. Being thus distended with fluid fat, the cell 
acquires a spheroidal shape. 

The routine specific stains for fat are osmic acid, which colors the fat globules 
black; sudan III, which gives a red reaction; and scbatlach R (fettponceau, 
Sudan IV), which also stains fat red. For the successful application of these 
stains it is renuired that the tissue has not been previously subjected to treatment 
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Lymphoid Tissue (Adctioid Tissue), — ^Lj-mphoid tissue is a reticular tissue 
the meshes of whose network are ocaipietl by a closely packed mass of lympho- 
C}’tes. cells with a deeply staming nucleus envcloiKd by a narrow shell of homo- 
geneous slightly basophilic cytoplasm. The lymph cells (lymphocytes) arc so closely 



Fig. 83 —Collection of Developing Fat Cells from the "Perirenal Liroio Gland” 

OF THE Mouse. 

The irregularly ovoid cells contain granules and vacuoles, interpreted as mitochondria and 
lipoid globules rcspcctiicly. X1400. (Cramer.) 



Fig 84.— Reticulum from the Mucosa of the Fundus Region of the 
Doc's Stomach. 
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described the process of fat elaboration in nittuilc detail. Tlie pre-fat granules 
originated from rod-like chromidia (mitochondria) by process of segmentation. 
The chrojnhlia arise as nucleolar buds which wander through the nucleus and 
traverse the nuclear membrane as spherical granules. These primary granules 



Fic, 8t.— Coti.ECTioN OP Fat Cetis Showing Mabcarin Crystals. 

Two of the cells show tno centers of crystalluatjon each. Fresh preparation. Unstained. 



Fig. 82 — Abwose Tissue. 

The fat celts have been blackened by osmium tetroxide Xtio. 
elongate into rods, and subsequently segment into secondary granules, which 
liquefy and coalesce to form the definitive fat spherules. This important investiga- 
tion suggests a functional role for mitochondria in terms of a nutritive material 
upon which cell metabolism and differentiation may depend. 
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purpose consists in injecting gelatin into a fresh lymph organ {c.g., spleen), 
freezing the tissue, aiul placing thin sections into warm water when the lympho- 
cytes are largely carried away l>y the dissolving gelatin leaving the rcticnUuu free. 

The density of the l\mphaKl tissue vanes much in difTcrent organs and even 
in different portions of the same organ. The denser acciunulations of lymphoid 
corpuscles may form either ovoid lymph 

nodules or follicles, or long dense trabcc- t a 6 c 

ulae, the lymphatic cords, which are sur- 
rounded by looser portions of 13’mphoid 
tiswte. 

Lympliatic corpuscles are frequently iit- 
filtrated into the connective tissue of the 
mucous membranes, where they form irreg- 
ular collections, which may he termed dif- 
fuse lymphoid tissue, in contradistinction to 
compact lymphoid tissue, which occurs in the 
lymph nodes, tonsils, thymus and spleen, 
and in the aggregate and sohiary nodules 
of the intestinal canal. Diffuse lymphoid tis- 
sue is found m the mucous membranes of 
the respirator}' tract — nose, nasophtryns, 
larynx, trachea, and bronchi; and the ali- 
mentary tract — mouth. Uingue. pliar>nx, eso- 
phagus. stomach, and intestines. 

In the basement membranes of certain a SrxrioM through the 

tubular gland W£?„ sweat, kidney, tear Mfwua or a Ctomcau Lruru None 
and mammary — and in the peripheral por- ' 

. f A. , ,1 r Ai , 1 t ^ of lympiuHil ijssiic; h, 

tion of the large cells of the umbilical cord, i^scr lympJ.oid tissue of tlic medullary 




Mallory^* has described robust fillers ex- sinuses; c, the marftin of a fibrous tra- 
tending also from cell to cell, resembling bcc'ila; cf. nucleus of the connective tissue 
somewhat white fibers, but unrelated by lympiiatic smns. X475. 
transition elements to, and differing micro- 

chemically from, collagenous fibers. These so-called fibroglia fibrils (toiiofibrils) 
are said to be similar to the fibnls of neuroglia cells of nervous tissue and to the 
border or myogha fibrils of plain muscle cells. 

Blood and Nerve Supply of the Connective Tissues.-— The connective tissues, 
but espectaJIy the areolar variety, form a supporting substance through which the 
various blood and lymplratic vessels and nerve trunks are distributed to all jiortlons 
of the body. Wb'thin the connective tissues these vessels and nerves are everywhere 
present, and from them the connective tissue itself receives its supply of capillary 
vessels and terminal nerve fibrils. 

The vascular supply of the connective tissues is abundtant. Small arteries, which 
Mallory, 1905 
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packed that it is almost impossihle to distin^iisli the fine threads of the reticular 
stroma, except in those i)ortions where sonw of the lymphatic cells have l)ccn 
washed out or displaced in the preparation of the specimen. Mail's technic for this 
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purpose consists in injecting gelatin into a fresh lymph organ {c.g.. spleen), 
freezing the tissue, and placing thin sections into warm water when the lympho- 
cytes are largely carried away by the dissolving gelatin leaving the reticnhmi free. 

The density of the lymphoid tissue s'arics much in different organs and even 
in different portions of the same organ. The denser accumulations of lymphoid 
corpuscles may form either ovoid lymph 
nodules or follicles, or long dense tral)cc- 
ulae, the lymphatic cords, which are sur- 
rounded by looser portions of Ipnphoid 
tissue. 

Lymphatic corpuscles are frequently in- 
filtrated into the connective tissue of the 
mucous membranes, where they form irreg- 
ular collections, which may be termed dif- 
fuse lymphoid tissue, in contradistinction to 
compact lymphoid tissue, winch occurs in the 
lymph, nodes, tonsils, thymus and spleen, 
and in the aggregate and solitary nodules 
of the intestinal canal. Diffuse lymphoid tis- 
sue is found in the mucous memliranes of 
the respiratory tract — nose, nasopharynx, 
lar}*n.x, trachea, and bronchi ; and the ali- 
mentary tract — mouth, tongue, pharynx, eso- 
phagus, stomach, and intestines. 

In the basement membranes of certain 
tubular glands — c.g., sweat, kidney, tear 
and mammary — and in the peripheral por- 
tion of the large cells of the umbilical cord, 

Mallory^* has described robust fibers ex- 
tending also from cell to cell, resembling 
somewhat white fibers, but unrelated by 
transition elements to, and differing niicro- 
chemically from, collagenous fibers. These so-called fibroglia fibrils (ionofibrils) 
are said to be similar to the fibrils of neuroglia cells of nervous tissue and to the 
border or m}oglia fibrils of plain muscle cells. 

Blood and Nerve Supply of the Connective Tissues.— The connective tissues, 
but especially the areolar variety, form a supporting substance through which the 
various blood and lymphatic vessels and nerve trunks are distributed to all portions 
of the body. Within the connective tissues these vessels and nerves are everywhere 
present, and from them the connective tissue itself receives its supply of capillary 
vessels and terminal nerve fibrils. 

The vascular supply of the connective tissues is abundant. Small arteries, which 



Fig 87.— From a Section tiirooch the 
Meoulla Of A Cervical Lymph Node 
OF Max. 

a, a cord of dense lymphoid tissue; b, 
looser Lmphoid tissue of the medullary 
sinuses; c. the margin of a fibrous tra- 
becub ; d, nucleus of the connective tissue 
reticulum; e, reticulo-endothelia! lining of 
the lymphatic sinus. X47S. 


Mallory, 1905. 
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are derived from the main trunks, fonn a captJUry plexus throughout the tissue, 
the capillaries finally reuniting to form the venules. 

It is in tills capillary plexus that tlie fluid imrtions of the l.lood exude into the 
surrounding perivascular lymphatic or tissne sjwccs of the connective tissue. The 
tissue juices u’ijicii arise la tins wMnner arc most active agents in (he physiological 
processes of assimilation. From the tissue juice sjiaces. lymph reenters the alnm- 
dant capillary lymphatic vessels to lie finally returned to the venous hlood. This 



Fic 88 — Section of Plate of Hyaline Cartilage, from Trachea op Cat. 
a, perichondrium, b, chondrogenetic layer of pcrtdwndriwtn ; c, young hyaline matrix 
and cells, d. capsule, r, peripheral portion of the lacuna occupied by the cartilage cell; 
/, older hyaline matrix, g, capsule of the original mother cell; h, lacuna of the original 
mother celt, now filled with younger matrix produced by the three daughter cells; i, fat 
vacuole in the cytoplasm of a cell; capsule of one of the three daughter cells X65D 

transfer is mediated by process of filtration and osmosis, the tissue spaces being 
generally regarded as closed spaces making no direct connection with (he lym- 
phatic terminals. Of the several varieties of connective tissue, the adipose possesses 
the most abundant blood supply; the lymphoid, on the other hand, is most richly 
supplied with I}-mph. 

Abundant nerves are distributed to the connective tissues, some of which, the 
sympathetic nerves, supply its blood vessels while others, myelinated, terminate 
in special forms of sensory nen’e end-organs. 
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CARTILAGE 

Cartilage is a dense, firm, but clastic substance, resembling connective tissue in 
that it is developed from similar mesodermal cells. It contains a ground substance, 
the cartilage matrix, and at times, fibers which may be either collagenous or clastic. 
The presence, absence, or character of these fibers determines the variety of car- 
tilage. Three varieties are thus disting\iishcd : hyaline cariilarjc, in >Yhich no specific 
fibers can ordinarily be demonstrated within the matrix; clastic cartilage, whose 
matrix is permeated by elastic fibers; and fibrocarlihge, whose matrix contains 
collagenous fibers. 

Hyaline Cartilage. — This is the most abundant of the three varieties, com- 
monly known as gristle. It is found in the respiratory system, forming the car- 
tilages of the nose, Iar3'nx, trachea and 

bronchial tubes; in the costal cartilages of « . 

the nbs; as articular cartilages covering 

the ends of long bones ; and in the fetus, 

where in the course of development of the 

bones, the entire skeleton, excepting only 

the flat bones of the skull and face, at ' 

first consists of hyaline cartilage. la most 
of these locations the cartilage occurs as ' 

plate-Iike masses, which are invested by 

a vascular membrane of dense fibro-elasiic . . ' ' . 

tissue. This membrane is the perichon- 
drium. The inner portion of this membrane 
IS richly supplied with small cells, and it is 
from this cell layer, the chondrogeneiic 

lavcr, that the cartilage is presumabU Sg—CtLts anu Matrix of Hyali.ve 
, ' ' , ^ ' Cartjlace from the Wall of a Large 

developed. Broxcuus of Man. 

TIk cartilage blastema is essentially tIk groupme in pairs and fours, and 
mesenchyma. The chondrogenetic cells ol the tendency to produce a so-called cap- 
this prccarulagc multiply, and deposit especially noticeable. Hematein. 

about themselves the structureless mass 

which first forms merely a tapsale to the cell, but which as it increases in amount, 
separates the various cells by wider areas and liecomes the carlilagc matrix. The 
process of matrix formation may be interpreted as .a conversion of the exoplnsm 
of the syncjtial tissue, the cartilage cell representing the endoplasm. The so-calied 
capsule of the cartilage cell would accordingly represent the partially modified 
border line between the original endo- and e.xopIasm. and would thus correspond 
to similar conditions which are observed in other forms of developin"- connective 
tissue * 

The cells, which in the perichondrium are small and decidedly flattened, likewise 
increase m size during this process, and become more nearly spherical’ so that 
those cartihga cells (chondrocytes) which lie near the cenler of the cartilaginous 
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plates are spheroidal in sliapc, while those toward the surface are more and more 
flattened or elongated, their long axes gradually revolving from a perpendicular 
position in the center of the plate to one parallel with the perichondrium at the 
surface. Each cartilage cell is inclosed within a small space or lacuna, which during 
life it entirely fills. 

/Cell multiplication in cartilage is peculiar in that cell division occurs within a 
/firm capsule and results in the formation of two daughter cells, which at first lie 
within the same cncapsulcd space. These two cells may each again undergo division 
within the same space with formation of four new ccllsl As a result of this 
peculiar niethod of cell division the canllagc ccl/s are arranged in groups of two, 
four, or even eight cells. Each of the cells in the group deposits its capsule, and 
thus forms a matrix about itself, so that the increasing space thus produced between 
the cells of a’ group may separate them 
until they become completely isolated car- 
tilage cells each within its own hcuua. In 
this way the matrix of the cartilage is 
produced. Enlargement of a cartilage plate 
occurs through a combination of interstitial 
and pcrlchondrial growth. Tlie.^ni atri x_oJ 
hyaline cartilage is devoid of fibrous or 
cellular structure. Chemically it conslsts'of 
collagen, chondromucoid and albuminoid 
substances. Von Korff ” interprets hyaline 
matrix as being composed of inatrical 
fibrils mashed by a homogeneous cement- 
ing substance. 

During life, or if the tissue is examined 
in the fresh state, the cartilage cell entirely 
fills the lacuna in which it lies. But shortly 
after death shrinkage of these cells begins, 
so that after some hours a considerable 
space intervenes between the cell and the 
wall of its lacuna. It has been supposed 
that this space was occupied during life by lymph. It would, however, seem more 
probable that it is partially the result of postmortem shrinkage of the cell. 

Frequently, and especially in developing cartilage, concentric lines may be seen 
surrounding each lacuna. These lines have been described as the "cell capsule ” 
They appear only to indicate the successive layers of material which have been 
deposited by the cell, and which have been fused together to form its surrounding 
matrix. 

Cartilage cells frequently contain small droplets of fat, and these may coalesce 
until the cell is completely transformed into a fat cell. Isolated masses of adipose 
tissue, resulting from the transformed groups of cartilage cells, thus make their 



Fig 90 — Elastic Cartilage fro.m the 
Human Epiglottis, Showing the 
Large Ovoid Cartilage Cells and 
the Very Delicate Reticulum or 
Elastic Fibers 

Ehrlich’s tnacid stain. X550. 


von Korff, 1914- 
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appearance within the cartilaginous plates. This fatty metamorphosis is most 
marked in the elastic variety of cartilage. 

By coloration with iodine, gl}'cogen granules may also be demonstrated in the 
cartilage cells. 

Elastic Cartilage. — Elastic cartilage occurs in the external ear, in the auditory 
tube, in the epiglottis and in the cuneiform and corniculate cartilages and the 
vocal processes of the arytenoid cartilages of the larynx. It is essentially hya- 
line cartilage, the matrix of which has become permeated with delicate elastic 
fillers forming a dense interladng network. The large spheroidal cartilage cell lies 
in a lacuna bounded by a capsule and surrounded liy a layer of hyaline matrix free 
of elastic fibers. The plates of elastic cartilage, like the hyaline variety, arc sur- 
rounded by a dense fibrous perichondrium. Xeithcr Wood vessels, nerves, nor 
lymphatics are distributed within the matrix of elastic cartilage. 

Fibrocartilage. — This tissue forms ibe interarticiilar cartilages of the lower 
jaw, the clavicle, and the knee; composes the intervertebral disks and the other 
cartilaginous symphyses of the body; lines the tendon grooves of the hones, and 
forms the glenoid hgament of tlie shoulder and the cotyloid ligament of the hip. 
Fibrocartilage is intermediate in structure lictwcen hyaline cartilage and such very 
dense fibrous tissue as occurs in the tendons of muscles. At the attached margins 
of the cartilaginous plates its tissue is continued by imperceptible gradations into 
the surrounding fibrous connective tissues. Like the other forms of cartilage, this 
variety is also nonvascular and devoid of nerves. 

Microscopically, fibrocartilage differs from such dense white fibrous tissue as 
is found in the ligaments and tendons, in that the meshes of the dense fibrous 
tissue of fibrocartilage are everywhere permeated by a hyaline matrix in which 
here and there are small groups of ovoid cartilage cells. Each cartilage cell is 
occasionally surrounded by a characteristic, concentric, lamellar appearance of the 
adjacent matrix, the so-called capsule. Plates of fibrocartilage, unlike the other 
varieties, are not surrounded by a jicrichondrium. 

A peculiar sort of connective tissue is found in the nuclei pulposi of the interver- 
tebral disks. It is the sole adult vestige of the embryonic axis, the notochord. 
According to Williams, who carefully studied its cytomorphosis in the pig, "It 
is primarily cellular and epithelial ; later it becomes a syncytial network with a 
mucin-like substance in its vacuoles; and finally it becomes cellular and closely 
resembles cartilage." 

The Perichondrium. — The perichondrium is a dense fibrous membrane which 
surrounds each individual plate of cartilage. It is continuous with the surrounding 
connective tissue, and is well supplied with blood vessels and lymphatics; it may 
also contain terminal nerve fibrils. 

The cartilage itself is an absolutely bloodless and nerveless tissue. Neither are 
lymphatic channels demonstrable within the cartilage matrix. After long macera- 
tion or artificial digestion the matrix assumes a granular or fibrous appearance 
and small channels have been demonstrated within it, which have been said to 

^Williams, L. W., 1908. ' ^ T 
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plates are spheroidal in shape, while those toward the surface arc more and more 
flattened or elongated, their long axes gradually revolving from a perpendicular 
position in the center of the plate to one parallel with the perichondrium at the 
surface. Each cartilage cell is inclosed within a small space or lacuna, which during 
life it Entirely fills. 

/Cell multiplication in cartilage is peculiar in that cell division occurs within a 
^rm capsule and results in the formation of two daughter cells, which at first lie 
within the same encapsulcd .space. These two cells may each again undergo <I{vision 
within tile same space with formation of four new cells) As a result of this 
peculiar method of cell division the cartilage cells arc arranged in groups of two, 
four, or even eight cell.s. Each of the cells in the group deposits its capsule, and 
thus fonns a matrix about itself, so that the increasing space thus produced between 
the cells of a group may separate them 
until they liccome completely isolated car- 
tilage cells each within its own lacuna. In 
this u-ay the matrix of the cartilage is 
produced. Enlargement of a cartilage plate 
occurs through a combination of interstitial 
and pcrichondrial growtli, ^i?J}iatrix__of 
liyaltnc cartilage is devoid of fibrous or 
cellular structure. Chemically it consists'of 
collagen, chondromucoid and albuminoid 
substances. Von Korff interprets hyaline 
matrix as being composed of niatrical 
fibrils masked bj’ a homogeneous cement- 
ing substance. 

During life, or if the tissue is examined 
in the fresh state, the cartilage cell entirely 
fills the lacuna in which it lies. But shortly 
after death shrinkage of these cells begins, 
so that after some hours a considerable 
space intervenes between the cell and the 
wall of its lacuna. It has been supposed 
that this space was occupied during life by lymph. It would, however, seem more 
probable that it is partially the result of postmortem shrinkage of the cell. 

Frequently, and especially in developing cartilage, concentric lines may be seen 
surrounding each lacuna. These lines have Ijeen described as the '‘cell capsule." 
They appear only to indicate the successive layers of material which have been 
deposited by the cell, and which have been fused together to form its surrounding 
matrix. 

Cartilage cells frequently contain small droplets of fat, and these may coalesce 
until the cell is completely transformed mto a fat cell. Isolated masses of adipose 
tissue, resulting from the transformed groups of cartilage cells, thus make their 



Fic 90 — Elastic Cartilage fro-u the 
Human Epiglottis, Showing tue 
Large Ovoid Cartilage Cells and 
the Very Delicate Reticulum or 
Elastic Fibers 

Ehrlich's triacid stain. X550. 


» 9 von Korff, 1914 
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spongy appearance as compared with the denser periphery; it is therefore said 
to contain spongy or cancellous bone, wWJe the more superficial lamellae contain 
compact bone. 

In the long bones a similar condition exists in the epiphyses, which consist of a 
wall of compact bone within which the marrott’ cavil)' is subdivided by bony parti- 
tions into numerous compartments. The epiphysis consists, therefore, of spongy 
bone—The shaft or diaphysis of the bone, however, contains a single large marrow 
cavity whose walls, except for a thin )a>'cr at either end, consist entirely of com- 
pact bone. A little spongy structure is present for some distance at cither end of 
the shaft, in that portion whicli adjoins the marrow cavity. 

The ends and facets of the bones are covered by a disk of hjaline cartilage, 
which forms the articulating surfaces of those bones which enter into the forma- 




Fjc 92 ~NcnocHORT>At Tissue. 

A, from pig embryo of S50 minitnelers, the syncytium contains many mucin-filled spaces. 
X800 B. from nucleus pulposus of an adult pig; Jlie three cells shown arc greatly vacuo- 
lated X452. (Williams) 

tion of the movable joints. These orfirnlor cartilages arc peculiar in that they are 
not covered by a penchondrium, and their deeper cells, which adjoin the bone, 
are so arranged that their long axes arc perpendicular to the free surface, as is 
the case in the central portion of free cartilaginous plates. Toward the free surface 
of the cartilage the long axis of the cell lies more nearly parallel to the surface, as 
is likewise the case at the surface of cartilaginous plates elsewhere. In the long 
bones of younger individuals a plate of h>aline cartilage is found also at the 
epiphyseal lines between the epiphysis and the diaphysis. This plate, which extends 
through the entire axis of the bone, becomes ossified later in life. It represents the 
line of longitudinal growth, and is the last portion of fetal cartilage to be trans- 
formed into adult bony tissue. 

Periosteum. — AH those portions of the bone which are not covered by an 
articular cartilage are supplied with a membranous coat of fibrous tissue, the 
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connect the various lacunae; hut it is evident that these appearances were possibly 
the result of artificial destructive processes and could not therefore he considered 
as evidences of the presence of such structure in living cartilage. 



Fig. 91 — ^White Fibrocartilaoe fbom the Licamentum Teres of Doc. (Hardesty ) 


BONE 

Bone is a firm calcareous tissue which is found only in the skeletal system. In 
the flat bones it forms a double layer of dense osseous tissue between which is 
a narrow space, bridged across at frequent intervals and thus subdivided into a 
number of compartments, the marrow cavities. This central stratum presents a 
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(0.05-0.1 milHmeter in diameter), which is ocaipied by connective tissue, mar- 
row cells derived from the marrow cavity during the process of development, 
small blood vessels, nerve fibers, and perivascular lymphatics. Concentrically 
arranged around tlie Haversian canal are parallel layers of dense fibrous tisstie, tlie 
havcrsxan lamellae. The fiber bundles of this tissue form an interlacing network 
whose bundles frequently cross each other at right angles and uhosc interstices 
are occupied by a solid calcareous mass, consistitig chiefly of the phosphates (alxmt 
80 per cent) and carbonates of calauni. From four to twenty such calcareous 
lamellae are found in each Haversian system. 

The organic substance of bone consists chem- 
ically of collagen, osscomucojd and small 
amounts of other albuminoid bodies. 

Both in and between the lamellae are many 
small ovoid spaces which are partially filled by 
small flattened cells, the hone cells {osteocytes) ; 
these spaces are known as the lacunae. From 
each lacuna minute canals, the canaUcuH, radi- 
ate in all directions, thus placing the lacuna 
in open communication with its neighbors, and 
eventually with the lymph spaces of the central 
Haversian canal. The branching processes of the 
bone cells frequently project for a short dis- 
tance into the canahculi. These cytoplasmic 
branches are more ntimerous in newly fonned 
bone, later they are retracted and the cells 
become more or less shriveled in appearance. 

The haversian system, being developed 
about a central canal which marks the course 
of a blood vessel, necessarily acquires a slender 
columnar shape, its long axis being usually Frc 94 — Lo.vcitudi.val Section or 
disposed in a direction nearly parallel to that Ground Bone from the Suaft of 
of the bone of which it forms a part. The uman Femur. 

haversian canals frequently branch to permit caL.S"xmo"('rai,fccr 
a corresponding division of (heir blood ves- 

sels, and all of the haversian canals are connected either directly or indirectly with 
the periosteum, the nutrient foramina, or the marrow c.avity— thus forming a 
complete connected system between marrow cavity and surface— from the blood 
vessels of which their vascular supply is derived. 

Interstitial Lamellae— The interstitial lamellae are hkewise composed of dense 
interlacing bundles of calcified fibrous tissue, within and between which are 
lacunae, canahculi, and bone cells, ail disposed in a manner exactly similar to their 
arrangement within the concentric lamellae of the haversian systems Coursing 
through the mterslitial and circumferential lamellae are yolbmami’s canals which 
are similar m origin, contents, and function to the liaversian canals hut which are 
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pci'iosiawi. The outermost layer o( this membrane cotsjsIs of interlacing bundles 
of dense /Ibrmis tissue in which arc Ibc larger blood vessels, whose branches arc 
distributed to the undcrlyijig bone. The Inner portion of tliis layer forms a finn 
fibro-cfastic stratum, whicli in older individuals is 
_ closely’ attached to the surface of the bone. The 

{>cnos!etim of developing and growiiig bone, how- 
ever, contains a third or innermost areolar layer, 
in which arc siiwll |)!ond vessels, fine connective 
tissue fibrils, and numerous small osteogenic cells, 
tlie ositohhsts. After growth of the bone has 
ceased, the dccfjcst layer of the ix-Tlostcum contains 
few small blotxl vessels and only occasional osteo- 
blasts. These cells, however, arc present in snJficient 
munliers to accomplish the regeneration of the bone 
after destruction of its osseous tissue. 

Tlte medullary surface of (he bone is likewise 
supplied willi an osteogenic membrane of fibro- 
cellular tissue, similar to the innermost layer of 
the periosteum; it is known as the periosteum in- 
ternum. endosteum, or membrana medtillaris. 

Compact Bone. — Compact bone, such as tliat 
composing (he shafts of the long bones, consists 
of coneenlrk lamellae of calcified fibrous tissue 
winch constitute the haversian systems, together 
with groups of parallel laminae, \vhich are inter- 
iwsed between adjacent haversian systems and are 
known as the inlcrsiUlal or ground lamellae. Many 
of the interstitial lamellae are the remains of 
haversian systems which have been partially' ab- 
sorbed during the development of the bone. In a 
section through the shaft of a long bone the 
haversian systems are found in the middle of the 
wall, while superficial to them and just within the 
periosteum are a number of lamellae tvhich may 
be traced much or all of (be way around the cir- 
cumference of the cylindrical sliaft, and which are 
known as the e.rternal cirewnferenfial or periosteal 
lameUae. On the inner surface of the compact bony 
wall is a similar group of parallel laminae which 
adjoin the marrow cavity, and are known as the 
interml circumferential or endosteal lameilae. In their finer structure the circum- 
ferential lamellae are exactly similar to (he cylindrical bony lamellae of the 
haversian systems 

Haversian System.- 



FiC. 9J —T RANSECTlOn 

'tHsiovc^i THE Compact 
Bonv Wall oe a Human 
Metacab?al Bone, 
a, outer csrcuTfltcceotiil 
lamellae, b, inner circum- 
fercntiai lamellae; r, haver- 
sian canals ; d, interstitial 
lamellae, e, lacimae, with 
delicate radiating canalicuh 
From a thm section of 
ground bone. X QO. (Kdlti- 
ktr.) 


-An haversian system contains a small central canal 
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the relative proportion of these elements marrow is said to present two types, the 
yellotv and the rcil marrow. The yellow marrow consists almost entirely of fat, 
with only occasional bands of tnie marrow tissue. The red marrow contains very 
little fat, but is so abundantly supplietl with blood and marrow cells as to resemble 
closely a very vascular lymphoid tissue. The embryonic medulla of all bones con- 
tains fetal red marrow, but in later life the larger masses in the medulla of the 
shafts of the long bones are, in man, changed to the 
yellow variety. Tlic red marrow, however, persists in 
the epiphyses of the long hones and ih cancellous lionc 
generally; it is especially characteristic of the marrow 
cavities of the ribs, vertebrae, base of the skull, and 
sternum. It is the source of supply of blood cells 
in the adult. 

Red Marrozv . — Red marrow consists of fibrous 
and reticular tissues which are infiltrated by marrow 
cells and richly supplied with small blood vessels. 

The smaller veins possess exceedingly thin walls, 
readily pervious to the blood cells. The walls are so 
delicate that it becomes very difficult to determine 
with certainty whether or not their endothelium, as 
also that of the capillaries, may be occasionally absent, thus placing the blood stream 
in direct communication with the pulp of tlie bone marrow. This endothelium 
belongs to the type known as reticulo-cudothcUum. 



Fic. f)6 —IsoLATrn Bone 
Cfil, Shrunk Away 
FROM M'ali. of Lacuna 

AT I 

(Schafer, after Joscpli.) 



Fig. 97 — An Haversian System, 
Including the Central Canal, 
Several Lamellae, Lacunae and 
Canaliculi 



Haversian Canal, with Con- 
tents 

0 . arteriole; v, venule; I, lym- 
phatic; ji. unmyelinated nerve 
fibers; c, bone cell. (Schafer.) 


The hemogenic elements of marrow will be described under the subject of 
Wood development, where red marrow must again be considered. At this point it 
■s only necessary to describe the osteogenic elements. These are (l) the ostcoMasIs 
or bone builders, and fa) the osteoclast!, or bone destroyers. The osteogenic process 
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not surrounded Ijy concentric lamellae. Volkmann's canals frcrjucnily arise as 
branches of the haversian canals which wander out, as it were, into the interstitial 
lamellae. 

CtrcuuifcmUial Lamellae . — ^The circumferential lamellae do not di/Tcr in struc- 
ture from the other osseous lamellae. They po.sscss the same arrangement of lam- 
inated calcareous connective tissue, with lacunae, canaliculi, .and bone cells, as in 
tlic concentric and interstitial lamellae. Even more than elsewhere, however, the 



Fig 95. — Area or Whole Mount of Thin Tbansparcnt Plate or Bone (Turbinate) 
FROM Nose or Doc. 

The osteocytes with anastomosing processes are visibte. The celts occupy lacunae, the 
processes lie in the canaliculi; the dots represent cross-cut processes. X8ro. 


outer circumferential lamellae are firmly bound together hy collagenous and elastic 
fibers which pass from the- periosteum into and through the superficial lamellae; 
these are known as the perforating fibers of Sharpey. Similar fibers connect together 
the concentric and interstitial lamellae. The perforating elastic fibers are frequently 
surrounded by an envelope of fibrous connective tissue. 

Bone Marrow. — Bone marrow consists of a variety of connective tissue, largely 
reticular, which is rich jn fat cells and blood vessels and which also contains 
osteogenic and hemogenic elements, the marrow cells or myelocytes. According to 
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Nerve cnflings have not been demonstrated in compact bone nor in the articular 
cartilages. In the periosteum terminal nen'c fibrils arc supplied to the miiscwlature 
of the blood vessels, and other sensory fibrils end in lamellar corpuscles. 

Development, — Bone tissue makes it's appearance relatively late in fetal life. 
The long bones arc first mapped oitt by masses of hyaline cartilage. The entire 
skeleton, with the exception of the flat l)oncs of the face and those of the vault 
of the skull, is t hus primarily formed hy plates of fetal cartilage- The process 
by which these cartilaginous plates arc transformed into bone is known as infra- 
cartilaginous or cnchoudral ossification. Tlic process is essentially one of replace- 
ment of cartilage by lK>nQ, not one of change of cartilage into bone. The resulting 
bones arc known as substiiution bones. 

The fiat bones of the face and sknll (including the interparictals, parietals. 
frontal, sqiiamosals, tjmpanics. median pterygoid plate of the sphenoid, nasals, 
lacrimaU, malars, palatines, vomer, maxilla, and a portion of the mandible) arc 
formed directly from the mesenchymal blastema without the intervention of car- 
tilage. This method of bone formation differs somewhat from the above and is 
known as jnlronifiiifcranons csstfcalion. 

lutracarfUaghwus Ossifcafioit — This process begins with the formation of 
plates of hyaline cartilage whose shajic corrcsix>n<Is more or less closfely with that 
of the future bone. This type of fetal cartilage difTers from the hyaline cartilage 
of the adult only in the irrcgtilar form and disinbtuion and greater abundance of 
its cartilage ceUs- 

Each plate of fetal carulagc is enveloped by a layer of embryonal fibroua 
tissue, the fetal perichondrium. Tlic outer portion of the fibrocellular layer is 
destined to become the periosteum of the future hone; its innermost portion con- 
tains many small round cells, which from their intimate relation to bone produc- 
tion, are known as osteoblasts. The inner portion of the perichondrium forms the 
osteogenic layer of the future periosteum. 

Ce^^ters of OssiFiCATiors — Ossification of the cartilage begins at one or more 
points which are called centers of ossification. In the long bones, in which the 
process of bone formation can be most readily traced, there are usually three 
such centers, one near the middle of the cartilaginous plate, from which the 
diaphysis is formed, and one epiphysial center at each extremity. The centers for 
the epiphyses make their appearance much later tlian that for the shaft of the 
bone, for the most part not until some months after birth, and from an extension 
of marrow from the pTimaty center. 

Enlargement of the Carthage Cells.— The first indication of beginning 
bone formation is evidenced by an cnlargcmcul of the cartilage cells which 
promptly arrange themselves in rows or columns that radiate from the center 
of ossification (calcification). This process is accompanied by absorption of the 
adjacent cartilage matrix, so that the enlarged cartilage cells are contained within 
broad spaces or areolae. The cartilage cells now appear to undergo a gradual but 
progressive absorption ; their cytoplasm becomes shrunken and granular and finally 
disappears ; even the nucleus at last succumbs to the process ^ 
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ns a whole is of course dependent upon the blood, with nil its licmnl elements. 

Osteoblasts . — These arc cells which may assttme various shapes dcixjnding 
upon their spatial relationsliip to the bony sulistancc. Wlicn free they arc of round 
or slightly oval shape; lining the marrow cavity or covering Uie hone as. portions 
of the periosicuni or applied to spiajles of canccllou.s hone they may become' epru 
siderably flattened. The nucleus is generally round or oval, deeply chromatic and 
granular. As spheroidal cells they have an average diameter of about 8 microns. 
They are with difficulty distinguished from lymphocytes except when charac- 
teristically arranged as a mcmhmnous coat upo^the surface of bony wall? or 
spicules, They hecoine tlic hone cells of comi>act Imnc. Osteoblasts and lymphocytes 
are genetically closely related, both l>eing relatively slightly differentiated mesen- 
chymal cells. 

Osteoclasts . — These are giant nniltinuclcar cells, often containing as many as 
ten to twenty or more nuclei. They are the cells by whose agency hone is destroyed 
during the processes of development and growtlv They are similar, to, .but not iden- 
tical with, the polykaryocytes .of hemogenic foci which arc concerned with the 
processes of erythrocyte .and platelet formation. The osteoclasts originate by a 
process of fusion of reticular cells of the marrow; the hemogenic polykaryocytes 
originate from lymphocytes (hcmoblasts) by repeated amitotic division of the 
nucleus. 

Blood Supply. — Marrow, and especially the red variety, is richly supplied with 
blood. The nutrient or medullary artery penetrates obliquely through the nutrient 
foramen to the marrow cavity of a long bone where it divides into an ascending 
and descending branch and supplies an abundance of small arteries to all portions 
of the medulla. The terminal arteries end in broad capillary vessels whose wde 
lumen and delicate endothelial walls determine their character as sumsolds. It 
w’as formerly thought that the endothelial %val1s of these vessels were here and there 
deficient, and although certain later investigations discredit the former obserwitions, 
the all-important fact remains that the endothelial walls are pervious to both red 
and white blood cells. Certain of (he terminal arteries anastomose with those of 
the cancellous epiphyses, and with the arteries which enter the Haversian canals 
of the compact bone from the periosteum. 

Efferent veins return the blood from the sinusoidal capillaries of the marrow. 
These veins, passing as companion veins to the medullary artery through the 
nutrient foramen, or independently through separate foramina, as also those of 
the bony tissue, are not supplied with valves. Outside of the bones, however, these 
same veins contain abundant valves. 

The Lymphatics. — The lymphatics of bone occur in great abundance in the 
periosteum, and as perivascular spaces penetrate the canals of Havers and Vblk- 
mann and thus reach the medullary cavity. Tlie existence of lymphatics within 
the marrow, other than in the sheaths of the blood vessels, is doubtful. 

The Nerves. — The nerves accompany the blood vessels in al! portions of the 
bone and marrow and form a rich perivascular plexus which is distributed to 
the walls of the vessels; occasional side fibrils are also distributed to the marrow. 
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Primary Bone.-— The ostcobfasts which thus gain access to the primar>' mar- 
row cavities, now arrange themselves along the surface of the remnants of cal- 
cified cartilage and begin the dejx)sit at their proximal surface of the fibrous 
tissue and calcareous saU-s which- compose the priuiary bone. The osseous matrix 
is commonly assumed to he the product of au osteoid traitsfonnation of the exo- 
phsm of the osteoblasts. Many of the o>i£olilasts apparently become entangled in 
this newly formed tissue and form the ostcocytes. The fetal cartilage is thus trans- 
formed into a spongy mass of primary osseous tissue whose spicules are formed 
by a core of calcified cartilage upon which are deposited successive la>crs of bony 
tissue with their included lacunae and l)one cells. In sections stained with hema- 
toxylin and eosin, the central strand of calcifictl cartilage is colored blue, the 
primary bone, red. 

A.xial sections of long bones at this stage of ossification show all the above 
changes in regular succession from the feta! hyaline cartilage at the extremities 
to the primarj’ bone with its marrow cavities in the center The process of ossifi- 
cation steadily progresses toward the ends of the bone, the line of enlarged car- 
tilage cells constantly advancing farther and farther from the original center of 
ossification. 

Absorption of the Newly Formed Bonf. — It is at this stage, however, that 
the giant cell osteoclasts hecome most active and the absorption of the tiaely 
formed bone progresses rapidly. The osteoclasts collect along the surface of the 
spicules of primary lione in considerable numbers and appear to .•'ink into little 
recesses which they form within the bony tissue. The little bays which are thus 
formed m the primary bone are the fonomc of HoxesUip, The continued absorp- 
tion soon breaks down and removes the trabeculae and partitions of spongj* bone 
and thus forms a central medidlary cainly which is found to be of constantly in- 
creasing size. 

Perichondrial Ossification. — Coincident with these changes within the car- 
tilage the osteogenic tissue which forms the inner la>er of the penchondrmm 
produces successive la)ers of bony tissue upon the surface of the fetal cartilage. 
This process of perichondrial {penostcal} ossification proceeds in a manner similar 
to that by which bone is formed m membrane which is not closely applied to 
cartilage. 

Perichondrial bone formation is essentially of the mtramembranous type In 
essence there is no %'alid distinction between endochondral, perichondrial and 
membrane bone development, since each involves calcification of a fibrillar matrix 
b> agenc)’ of the same cell, the osteoblast. At irregular intervals the osteoclasts 
collect and the pnmar)' penchondrial bone is absorbed. Into these cavities buds of 
vascular osteogenic tissue push their way to form canals of considerable length. 
Upon the surface of the canals which are thus hollowed out of the perichondrial 
bone, the haversian spaces, the osteoblasts deposit successive concentric layers of 
bony tissue and the hat’ersian systems make their appearance. Finally, upon the 
surface of the periosteal bone succesrive layers of newly formed bony tissue com- 
pose the external circumferential lamellae, while upon, the wall of the medullary 
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Calcified Cartilage. — The absorption of the cartilaginous matrix proceeds 
more rapidly in those portions which separate the individual cells in the columns 
than in those other portions which ititcr\'cnc between the adjacent rows of car- 
tilage cells. While the former portions arc entirely absorbed, remnants of the 
latter remain, and in them calcium salts arc deposited in an irregular manner. 
Calcified cartilage, the most primitive of the calcareous tissues, is thus formed. 

Primordial Marrow Cavities. — ^Thc absorption of the cartilage matrix 
results in the formation of broad spaces into which osteogenic buds of primitive 
marrow tissue push their way from the perichomirium. Tints the primordial mar- 
rotu caz'idcs are formed. Tho fetal marrow which now occupies these cavities 
is derived from the osteogenic layer of the primitive periosteum. The osteogenous 



Fig 99 — ^Tiie Primary Ciiancks in Intracartilacinous Bone Formation. 

A, metatarsus , B and C, phalanges of human fetus. In /4, the earliest enJargement of cartiJige 
cells at the center of ossification is shown S and C are successively later stage. The bones are 
cut in longitudinal section. Carmine hematoxylin stain. X27. (Toldt.) 

tissue of this layer, containing osteoblasts, osteoclasts, and developing blood ves- 
sels, grows into the cartilage in the form of bud-like cords which are preceded 
by absorption of the adjacent cartilage matrix. This so-called “eruptive tissue” 
promptly reaches the center of ossification and burrows its way into the enlarged 
cartilage lacunae whose cells are now replaced by primary osteogenic marrow. 
The destruction of cartilage is initiated and maintained by agency of the osteo- 
genic tissue, presumably through specific cells, the so-called chondroclasts, the 
morphological marks of identification of which are not yet known. According 
to some investigators the cartilage cells do not disintegrate but pass into the 
marrow cavity where they become osteoblasts. 


Retterer. 1900. 
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Primary Bone. — The which thus gain access to the primary mar- 

row cavities, now arrange themselves along the svtrfacc of the remnants of cal- 
cified cartilage and begin the dciMJsit at their proximal surface of the fibrous 
tissue and calcareous salts which compose the f'nvtary bone. The osseous matrix 
is commonly assumed to he the product of an osteoid traiisformation of the exo- 
plasm of the osteoblasts, Many of the o^ilcoh1ast^ apparently become entangled in 
this newly formed tissue and form the osfcocyies. The fetal cartilage is thus trans- 
formed into a si-jongy mass of primary osseous tissue whose spievdes arc formed 
by a core ot calcified cartilage upon which arc deposited successive layers of bony 
tissue with their included lacunae and hone cells. In sections stained with hema- 
toxylin and eosin. the central strand of calcified cartilage is colored blue, the 
primary bone, red. 

Axial sections of long bones at this stage of ossification show' all the above 
changes in regular succession from the fetal hyaline cartilage at the extremities 
to the primary bone with Us marrow cavities lu the center. The process of ossifi- 
cation steadily jirogrcsses toward the ends of the hone, the line of enlarged car- 
tilage cells constantly advancing farther and farther from the original center of 
ossification. 

Absorption of tiif. Nlwly Formed Bone — It is at this stage, however, that 
the giant cell ostcochsts become most active and the absorption of the netefy 
formed bone progresses rapidly. The osteoclasts collect along the surface of the 
spicules of primary bone in considerable numl>crs and appear to sink into little 
recesses which they form within the bony tissue. The little bays which are thus 
formed in the primary hone arc the laritnac of Hotvship, The continued absorp- 
tion soon breaks down and removes the trabeculae and partitions of spongy bone 
and thus fonns a central mednttary cavity which is found to be of constantly in- 
creasing size. 

Periciiondrial Ossification. — Coincident with these changes within the car- 
tilage the osteogenic tissue which forms the inner layer of the penchondnum 
produces successive layers of bony tissue ujion the surface of the fetal cartilage. 
This process of periciiondrial (periosteal) ossification proceeds in a manner similar 
to that by which bone is formed in membrane wdiich is not closely applied to 
cartilage. 

Perichondrial bone formation is essentially of the intramembranous type. In 
essence there is no valid distinction between endochondral, perichondrial and 
membrane bone development, since each involves calcification of a fibrillar matrix 
b> agency of the same cell, the osteoblast At irregular intervals the osteoclasts 
collect and the primary perichondrial bone is absorbed. Into these cavities buds of 
vascular osteogenic tissue push their way to form canals of considerable length. 
Upon the surface of the canals which are thus hollowed out of the perichondrial 
bone, the haversian spaces, the osteoblasts deposit successive concentric layers of 
bony tissue and the haversian systems make Iheir appearance. Finally, upon the 
surface of the periosteal bone successive layers of newdy formed bony tissue com- 
pose the external circnmjcreniial lamellae, while upon, the wall of the medullary 
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Calcified Cartilage. — ^Thc absorption of the cartilaginous matrix proceeds 
more rapidly in those portions which separate the individual cells in 1!jc columns 
than in those other portions which intervene between the adjacent rows of car- 
tilage cells. While the former portions are entirely absorbed, remnants of the 
latter remain, and in them calcium salts are deposited in an irregular manner. 
Calcified cartilage, the most primitive of the calcareous tissues, is thus formed. 

Primordial Marrow Cavities.— The absorption of the cartilage matrix 
results in the formation of broad spaces into which osteogenic buds of primitive 
marrow tissue push their way from the perichondrium. Thus the firiniordial uiar- 
rozo cavities are formed. The fcLil marrow which now occupies these cavities 
is derived from the osteogenic layer of the primitive periosteum. The osteogenous 



Fig 99 — ^Tiie Primary Chances in Intracartii.acinous Bone Formation. 

A, metatarsus , B and C, phalanges of human fetus In A, the earliest enlargement of cartilage 
cells at the center of ossification is shown. B and C are successively later stage. The bones are 
cut m longitudinal section Carmine hematoxylin stain. X27. (Toldt) 

tissue of this layer, containing osteoblasts, osteoclasts, and developing blood ves- 
sels, grows into the cartilage in the form of bud-like cords which are preceded 
by absorption of the adjacent cartilage matrix. This so-called “eruptive tissue” 
promptly reaches the center of ossification and burrows its way into the enlarged 
cartilage lacunae whose cells are now replaced by primary osteogenic marrow. 
The destruction of cartilage is initiated and maintained by agency of the osteo- 
genic tissue, presumably through specific cells, the so-called chondroclasts, the 
morphological marks of identification of which are not yet known According 
to some investigators the cartilage cells do not disintegrate but pass into the 
marrow cavity where they become osteoblast^. 


2 * Retterer, 1900- 
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cavity a similar endosteal layer of bone-forming cells deposits the internal ctrenm- 
fcrcniial lamellae. The haverstan canals arc actually continuations of the marrow 
cavity, and the larger are even lined by endosteum. 

With the formation of the perichondrial bone the lateral expansion of the 
organ by endochondral bone formation neaissarily ceases. Henceforth increase 


Confiuent 

Ilyalixf eartilaae 

forttlaaf lacunar 



in diameter of the bone is only produced by continued absorption internally of 
the compact bony wall and the formation of new bone beneath the periosteum 
by frequent repetitions of the processes of periosteal (perichondrial) ossification 
as already described The remnants of those haversian and circumferential 
lamellae which are only partially absorbed in this process form the interstitial 
lamellae of the mature bone. In the long bones and m flat cartilage bones ossifi- 





Fig. joo. — A Longitudinal Section or Tiir Two Distal Phalanges fkom the Finger 
OF A Five-months' Huaian Fetus. X15 


(Fr«n Sobotta, Histology.') 
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The following is a rcsuutc of the various stages of endochondral ossification: 

1. Formation of the fetal hyaline cartilages from precartilage mesenchymal blastema 

2. Enlargement of the cartilage cells with a rearrangement into radiating cell ro\vs 
at the center of ossification 

3. Absorption of the cartilage matrix between the cells of the rows and finally also 
of the cells themsehes. CalcificaUon of persistent remnants of cartilage matrix 
between the rows of cells 

4. Eruption of the subperiosteal osteogenic tissue, invasion to center of cartilage 
plate, and the formation of primary marrow cavities at the center of ossification 

5. Gradual extension of the above processes followed by a deposit of primary bone 
by the osteoblasts upon the calcified cartilage spicules. Coincident osteoblastic 
deposit of perichondria! bone beneath and within the perichondrium of the 
cartilage plate 

6. Absorption of portions of the primary bone by the osteoclasts to form the large 
central marrow cavity or medulla. The absorption involves both the endochon- 
dral and the perictiondnat bone and is accompanied by a further deposit of new 
bone at the peripliery. In the perichondria! bone cylindrical axial channels are 
formed, in which the deposit of new bone produces the haversian systems of the 
compact bony tissue 

lufrauicvibraiwus Ossification . — This is the simpler and more direct method 
of bone formation. In principle it is identical with perichondrial ossification. Endo- 
chondral bone development differs from it only in respect of the additional pro- 
cesses involved in the removal and replacement of the hyaline cartilage. 

Membrane bones, including the flat bones of the face and the vault of the 
cranium, arise directly in the mcsenchynia. The first indication of ossification is 
the enlargement and rounding up of a group (or groups) of mesenchymal cells, 
and their association in the form of an irregular membrane. Among the cells 
appear bundles of delicate collagenous fibrils, the osteogenic fibers, radiating beyond 
the limits of the cell group. The cells of this mitia! ossific group begin to function 
as osteoblasts and deposit osseous matrix among the fiber bundles. This original 
osseous trabecula marks approximately the center of the future bone. The sur- 
rounding loose mesenchyma has meanwhile become increasingly vascular. Vaguely 
outlining the peripheral limits of the definitive lione appears a relatively thick 
layer of denser, more cellular mesenchyma. the ceils in general maintaining a 
fusiform shape. This represents the primitive periosteum of the forming bone. 
The bone takes shape miernally by the appearance of numerous trabeculae, which 
arise in the manner described for the initial spicules and then unite into a bony 
sponge-hke structure inclosing vascular mesenchyma, the primary marrow. The 
spicules of the cancefiott^ bone contain numerous bone cells — the representatives 
of original osteoblasts which have become enmeshed in their own product of osseous 
matrix— and are covered with an qiitheUoid membrane of a single or double layer 
of osteoblasts, which contribute to the further growth of the bony trabeculae. The 
marrow includes besides osteoblasts and the specific marrow cells— somewhat less 
numerous than in the primary marrow of endochondral bone— numerous osteoclasts 
under whose absorptive agency, assisted by the productive activity of the osteo- 
blasts, the inner conformation of the growing bone continually alters its details 
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cation at first proceeds in the perichondrium, endochondral ossification appearing 
only later; in the short hones ossification is endochondral until the cartilage is 
entirely replaced by hone. 

Eph’Iiyseal OssincATioN.—During the processes of endochondral and peri- 
chondrial ossification ^vith^n the shaft of the hone, the epiphyseal cartilages con- 
tinue to grow. Finally, however, ossification begins in the cf'if'hysis, osteogenic 
tissue having pushed in from the primar>' center of the diaphysis, and proceeding 
in the same manner as in the shaft, results In the formation of primary spongy 
bone, some of which is al)sorbc{l and replaced liy more compact bony tissue, 
as occurs in the wall of the diaphysis. In its central portions the tissue retains its 
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Fig 102. — Later Stage in Enchonoral. Bone Development. (Hardesty.) 

spongy arrangement and but few haversian sj'stems are formed. It is thus that 
the cancellous bone of this part, as well as that of the ends of the diaphysis, is 
formed. 

At the point where the expanding centers of ossification of the shaft and 
epiphysis are about to meet, a line of unossified cartilage, the epiphyseal line, per- 
sists until growth of the bone is complete. It is by growth of this cartilaginous 
disk, with continued formation of cartilage mainly on its inner surface, and its 
concomitant replacement by bone, that the bone increases its length. After ossifi- 
cation of this epiphyseal synchondrosis at about the twenty-first year, growth in 
length must cease. Meanwhile the perichondnum has become periosteum. 
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regeneration is said to occur through direct osteoblastic activity, under less favorable 
conditions a cartilaginous transition stage intervenes. He deduces from his e.xperiments 
that “diaphyseal bone is reproduced by proliferation of osteoblasts derived from pre- 
existing osseous tissue, and tliat its regeneration takes place independently of tlie 
periosteum” The periosteum is conceited as being an important factor in determining 
the conformation and growth limit of bone. 

The w’ork of Leriche and Policard-* confirms the view that the so-called osteogenic 
lajer of the periosteum has no bone-forming function. It is tJiought to operate simply to 
arrest and restrict osseous extension. Tliis same work, moreover, presents a new theory 
of osteogenesis, based upon a large mass of data, histological, experimental and radio- 
graphic. The theory supplies a consistent interpretati\e key for the explanation of various 
obscure conditions of bone pathology. It resolves the parado.x in the current view ot 
osteogenesis which regards the discrete so-called osteoblasts as bone-builders and the 
multinucleated fusion products of these same cells, in the form of osteoclasts, as bone- 
destroyers. Osteoblasts are interpreted as osteol>'tic fibroblasts of more feeble capacity 
than osteoclasts ; their function is said to be to inhibit the spread of osseous tissue. 
Overwhelmed by the growing bone, they become incorporated as osteoc>tes. These are 
generally quite inactive, “useless parasites of osseous tissue,” but may be stimulated to 
function ostcolytically under certain pathological conditions. Bone formation is in essence 
a condition of osseous metaplasia of fibrous connective tissue. The deposition of bone in 
the fibrous matrix is dependent upon humoral and interstitial, not primarily cellular, 
factors. Osteogenesis occurs in four stages: (a) edematous infiltration; (&) multiplica- 
tion of fibrils; (c) conversion of the interstitial fluid into a gelatinous preosseous sub- 
stance; (d) deposition of calcium phosphates and carbonates in this substance. Bone 
resorption is said to be the result largely of an osteolysis connected with humoral proc- 
esses, and only to a small extent the result of an osteoclasia on the part of phagocjlic 
giant cells, the osteoclasts. 

Fell reports bone formation tit vitro in periosteum from limb bones of six- to ten- 
day chick embryos. Periosteum from older embryos and young chicks may grow profusely 
in vitro but it only ossifies in rare cases. Endostea! osteoblasts from haversian spaces of 
late embryonic and early postembryonic tibial bone readily formed bone i« vitro. 

Reconciliation of the opposing views regarding the osteogenic capacity of the inner 
layer of the periosteum is suggested in the publications of Ham.=“ His histologic 
studies of early phases of bone repair {1930-32) supply fundamental data bearing on 
the argument about the relative value of periosteum and bone m the process of regenera- 
tion “The answer to this problem is that bone tissue is lined on the side of all its 
haversian canals and its interior by osteogenic cells which are identical witli those found 
in the deep layers of the periosteum. TJius, it is evident that bone tissue, stripped of its 
periosteum, could reproduce more bone tissue by virtue of its osteogenic cells, which line 
not only the marrow cavity but also the 1ia\ersian canals.” According to Ham the differ- 
entiation of osteogenic cells into bone is dependent upon two factors: tlie presence of a 
local deposit of calcium salt and a good blo^ supply. 


JOINTS 

Joints are divisible into two main types, the movable and the immovable, or dtar- 
Ihroses and synarthroses. These and their several modifications call for histologic descrip- 
tion. Synarthroses include (a) syndesmoses, or joints in which the connecting substance 
is a dense fibro-elastic tissue joining the bones immovably as in the articulation of the 

** Leriche and Policard, 1927 
**FcU, 1932 
•* Ham. 1930-1932 
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Pctiplicral oslcoblasts, arising Ironi (lie inner layer of the periosteum, produce 
the more compact external plates of the Imne. In the flat hones of the skull, the 
central cancellous hone is (Icsignatcd difloc, the peripheral compact hone, Mies. 
Membrane hones may contain typical haversmn systems.^* 



Fic. 103 — Inthahemdbanous Do?iE Formation in the Lower Jaw of a Sheep Fetus. 
a, bone; l>, primary marrow cavity, c, osteoblasts; J, growing point of the primitive bone, 
beyond which primary marrow is developing in tlic coiineclivc tissue X300. (Bolim and von 
Davidoff.) 

The conditions which determine that certain bones may arise directly in mesencliyma 
while others must pass through a cartilaginous stage are obscure In general it would 
seem that those bones which are represented m the skeleton of cartilaginous fishes pass 
in the higher vertebrates through a cartilaginous stage. The additional bones made neces- 
sary by the greater development and larger size of the brain in higlier vertebrates, tliat 
is, certain bones of the skull and the face, develop as membrane bones 

It is commonly believed that periosteum is essentia! for bone regeneration, and its 
preservation is aimed at where new growth is desired after osteotomy. But according to 
\V. Macewcn,** who has made a compreliensive experimental study of osteogenesis in 
regenerating bone in dogs, the periosteum functions simply as a confining, nutritive, and 
protective rnembrane, but has no ostec^enic significance His observations lead him to 
conclude also that in the long bones the osteoblasts are derived from proliferating 
cartilage nuclei freed from the disappearing matrix. Under more favorable conditions 

22Arey, 19^9 
2 sirace\\cn. 1912- 



CHAPTER IV 


MUSCULAR TISSUE 

Muscular tissue consists essentially of protoplasm in which the general vital 
property of contractility has become predominant. However, the path of con- 
traction is practically limited to one direction, the long axis of the cell. This 
phenomenon of contractility results from the differentiation of specially contractile 
fibrils, the myofibrils, from the protoplasm of embiyonic muscle elements, the 
myoblasts. The protoplasm of the muscular tissue is called sarcoplasm. Adult 
muscular tissue may be divided into three classes: smooth, cardiac and striated. 
All three types arise from mesoderm, with the exception of the dilator and sphinc- 
ter muscles of the iris of the e>e, and the muscle of the secretory portion of the 
sweat gland — both of the smooth \'aricty — which arc generally believed to be of 
ectodermal origin. In invertebrates muscle tissue may be largely derived from 
the ectoderm and even from the entoderm. 

The smooth muscle is in general limited to the viscera; It is not under the 
control of the will, hence also called involuntary (nonvoluntary) muscle. The car- 
diac type is limited to the heart, and to the middle layer of the roots of the aorta, 
pulmonary artery, and pulmonary veins. It is striated, but like smooth muscle, 
controlled by the sympathetic nervous system; therefore independent of the will, 
hence also of involuntary type. Striped, striated or skeletal muscle is practically 
limited to the skeleton, and subser\'es the function of skeletal movement. This 
group includes also the muscles of the eyeball, the ear, the upper third of the 
esophagus, the diaphragm, and tongue. It is under the control of the will, hence 
designated voluntary. The striped muscle of the diaphragm and the esophagus is 
apparently only partially voluntary. 

It IS obvious from the above that there is demanded a more specific terminol- 
ogy: involuntary smooth (unstnped), involuntary striped (cardiac), and voluntary 
striped (skeletal). The three types pass through very similar, perhaps identical, 
earlier stages of histogenesis The essential difference seems to be one of degree 
of differentiation. In general, skeletal muscle is most highly differentiated, cardiac 
muscle being intermediate between smooth and the voluntary striped type. 

For a proper understanding of the structure of these three types it is necessary 
that we now consider the process of muscle histogenesis. The student should 
gather the several criteria by which he may distinguish between smooth, cardiac 
and skeletal muscle, both in transverse and longitudinal sections. 
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skull (iijfura), or -where it consists of liBaraentous tissxic permitting sliRht movement as 
between the lower ends of the tibia and fibula; and (6) synehondroses, in which the con- 
nection is efTected by cartilaRC, cither hyaline (c.g,, between the epiphysis and diaphysis 
of young bones) or fibrous (c.g., the Intervertebral disks of the vertebral column). 

In relation with diarthroses arc in several Instances (mandibular, lower radioulnar, 
costosternal, sternoclavicular, acromioclavicular) Intra-articular vicnisci of fibrocartilagc; 
here the articular cartilages of the bones concerned arc also of the fibrous variety. Tlie 
semilunar cartilages of the knee and the glenoid cartilage of the shoulder joint are also 
of the fibrous type. These cartilages serve to deepen the sockets in which the respective 
ends of femur and humcrtis move and are known as adaptation cartilages or labra 
glciwidalia. 

The joint cavity of a diarthrosis is enveloped in a capsule consisting of two layers, an 
outer fibro-elastic continuous w'ith the periosteum and an inner cellular layer, the synmdal 
viciubratjc, consisting of epithelioid cells forming a mesenchymal epithelium. The function 
of the synovial membrane is to secrete a lubricating fluid, the synovia, consisting of about 
94 per cent water with small amounts of mucoid substances and oil. In the large joints ilie 
synovial (serous) membrane is thrown into xillus-like folds (Fig. 245)« The covering 
cellular membrane is occasionally imperfect; ibe cells vary from the flattened, typical 
mesothelial cells, to tlie cubic variety, and rest directly upon a vascular, frequently fatty, 
fibrous stroma. Normal human synovial fluid Is a dialy«ate from Mood plasma and con- 
tains proteins, globulins and mucin. (Ropes. M. W., Rossmeisl, E. C. and Bauer, W., 
1940, /. Clinical Iiwstigalion, 19:795). 
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the central fibrils, others claiming that they have a contractile role similar to the 
central myofibrils. Whatever their complete lunction may be, they certainly seem 
to bind, together with the connective tissue, the individual cells into a compact 
tissue in which coordinated movement, as in peristalsis of the intestine, becomes 
possible — an obviously important condition. 

The oval or rod-shaped nucleus retains its central location, and is surrounded 
by a mass of granular, relatively undifferentiated sarcoplasm, containing mito- 




Fic. 105— Smooth Muscle Cells from the Wall or the Human Intestine. 

Longitudinal section. Hematcin and eosin. X66s. 

chondria, lipoid, and glycogen granules. It changes its shape with the phase and 
degree of contraction, occasionally even assuming a short, spiral fonn. It has 
been shown that during contraction the nucleus decreases markedly in length and 
increases in thickness j and that the uniformly distributed chromatin granules 
stream toward the poles, where they collect in coarse slrands.* This structural 
intranuclear change is apparently unaccompanied by any cljange in volume. 

Smooth muscle cells vary greatly in size — from the short- 
est of about 50 microns, to some of 500 microns in length 
in the pregnant uterus. Because of their slender girth and 
relatively great length these cells are commonly designated 
fibers. When in the contracted condition, they show a num- 
ber of broad, more deeply staining coiifrac/ion iiodw (Fig. 

136. u), very conspicuous in the smooth muscle of the lower 
portion of the esophagus. As seen in transverse section these 
fibers vary in size from a mere point up to their maximum 
diameter, according as the section happens to pass through 
the end or through the middle of a fiber. Because of its 
central location, the nucleus is only found in the larger 
transections. 

Smooth muscle cells may be joined together in interlac- 
ing groups as in the wall of the uterus or bladder; or they may form broad mem- 
braneous layers as in the wall of the ahmentaiy tract ; or again, they may form 
small isolated bundles, as in the skin. In any case, the muscle bundles are united 
by a delicate network of connective tissue. 

Smooth muscular tissue occurs chiefly in the walls of the hollow or tubular 
viscera. Its distribution may be classified as follows; 




Fig roC. — Smooth 
Muscle Cells fpo.m 
THE Wall of the 
Human Intestine. 
Transection. Hema- 
tein and eosin. X750. 


* McGill, 1909 
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Fic 104— Smooth Mus- 
cle Cells 

A, an isolated cell from 
the cat’s mtestine. The nu- 
cleus IS surrounded by 
coarsely granular sarco- 
plasm, continuous periph- 
erally with the finely gran- 
ular interfibrillar sarco- 
plasm The innermost my- 
ofibrils may erroneously 
suggest a cell membrane. 
The fusiform clement is 
invested by a true cell 
membrane, or sarcolemma. 
X750 D, oblique trans- 
verse section of a cell from 
the lamina muscularis mu- 
cosae of the cat’s esopha- 
gus. The perinuclear sar- 
coplasm has contracted 
away from the nucleus 
leaving a clear space lim- 
ited by a sharp line, exter- 
nal to which lies the peri- 
nuclear granular sarco- 
plasm. X750- 


HISTOaENESIS AND STRUCTURE 

Smooth Miisclc. — As stated above, the germ layer in- 
volved in nnisclc histogenesis is the mesoderm. Smooth 
muscle is derived chiefly (exception: musculi arrcctorcs 
pilorum) from the visceral or splanchnic layer. This is 
at first an epithelial structure of a single layer of cells, 
the primitive mesothelium. The cells subsequently pro- 
liferate and change their shape in general to a fusiform 
type. 

Intercellular connections (cytodesmata) arc either 
maintained or established and the tissue is permanently 
more or less in a syncytial condition. These so-called 
iiifcrcclltilar bridges arc particularly pronounced and can 
he readily demonstrated in the tunica media of the blood 
vessels of the umbilical cord. It must lie emphasized, how- 
ever, that the outlines of the genetic units in smooth 
muscle arc always distinct, whereas in striped, including 
the cardiac type, the outlines of the original myoblasts 
are lost. 

The early myoblast, of short spindle shape with central 
oval nucleus, contains a granular cytoplasm, limited by a 
delicate membrane, the sarcolcmwo. The granules may be 
called myochondria; whether identical with cj’tomicrosomes 
or with mitochondria, whether of cytoplasmic or of 
nuclear origin, arc disputed points. No evidence of a dis- 
tinct spongioplasm is discernible. This observation tends 
to invalidate the teaching of certain histologists, that the 
contractile fibrils (myofibrils) represent modified spongio- 
plasmic threads arranged in rectilinear meshes. Moreover, 
it has been established by direct observation that the 
myofibrils arise through process of alignment and subse- 
quent fusion of the myochondria. McGill * recognized two 
types of myofibrils, namely, stouter peripheral border 
fibrils (myc^Iia) which may pass beyond the limits of a 
cell and form intercellular bridges ; and the more central, 
or myofibrils proper, which are limited to the cells proper 
and are considerably more delicate. She_. believed that 
border fibrils may subsequently arise by fusion of the 
more delicate fibrils. Coarser fibrils may produce finer 
fibrils by a process of longitudinal fission. 

The function of the border fibrils is disputed, some 


claiming that they serve to straighten the cell following contraction produced by 


McGill, 1907- 
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Small numbers of branching cells have been described in the walls of the 
urinary bladder and the large arteries. 

Cardiac Muscle. — Heart muscle takes origin from splanchnic mesenchyma 
which becomes modified into a loose-meshed syncytium, in which all trace of the 
original cellular element is lost. The myoblast areas of stellate and irregular form 
contain a central oval nucleus and a finely granular cytoplasm. In a manner 
similar to that described for smooth muscle histogenesis, the myochondria form 
myofibrils which extend for great lengths throughout the sarcoplasmic meshwork. 
In cardiac muscle the myofibrillae subsequently acquire a cross striation. Adult 
muscle consists of stouter muscle fibers or trabeculae joined into an intricate 
close meshwork, by means of less robust branches. The nuclei retain their axial 
position in the fibers and are surrounded by an oval area of undifferentiated 



Fic 100 — Cardiac Muscle ''Celus” from the Pig’s Heart, Isolated in Equal Parts 
OF Alcohol, Glvcerik and Water. 

Unstained. (The nuclei are somewhat darker than they actually appear.) X410. 

granular sarcoplasm. The cardiac fibers and their branches contain peripheral 
myofibrils, which during growth of the muscle arise by longitudinal splitting of 
the original fibrils and take position progressively toward the center. Cardiac 
muscle thus consists of a slender axial core of undifferentiated sarcoplasm swell- 
ing to an oval, more expansive mass where the nuclei are located ; this core is 
surrounded by successive rows of myofibrils arranged in radial groups as seen in 
transverse section ; and the whole Is invested by a delicate sarcolemma. The stria* 
tions of the fiber lesult ftom the fact of a transverse alignment of identical areas 
in adjacent fibrillae. The sarcoplasm contains mitochondria (Fig. 108), lipoid, 
albuminoid (interstitial granules of KoHiker), and glycogen granules. Fat gran- 
ules ("liposomes”), of probably nutritive significance, and varying greatly in 
amount according to the functional condition of the individual, are normally pres- 
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1. In the alimentary tract: tower portion of tlse esophagus, stomach, small 
and targe intestines. 

2. In the resl'iratory system: trachea and Ijronchial tulics. 

3. In the gcmtO'Urinary system: wrcler, bladder, urethra, penis, prostate, 
vagina, uterus, oviduct and ovary. 



FfO IO7--TWO STACtS IN TUB 
lliSTocEXtsis or Suoorif 
Muscle, from the Wall or 
THE Esophacvs or A Pic 
Embryo. 

A, io mJJJJmeier stage ot de* 
velopmcnt The central nucleus 
of the mesenchymal syncytium 
has become enlarged and is en- 
veloped by a greater mass of 
cyjoplasm. It represents a myo- 
blast : the peripheral myochon- 
drsa have become aligned pre- 
paratory to fusion to form a 
muscle fibril. B, at millimeter 
stage of development Four ad- 
jacent myoblasts, with periph- 
eral stouter myoglta fibrils and 
central more delicate myofibrils. 
X1500. 



F«?. 108. — A Caom* of Myo- 
blasts FROM THE He.ART MuS- 

cle Sykcytiom of a Forty- 

EtCHT'HOOR CniCK EMBRVO. 

Showing myofibrils, myochen- 
dna and mitochondria. The lat- 
ter arc the deeper staining gran- 
ules. Meves' technic. Xzooa 


4 . In the vasctihr system: arteries, veins, and the larger lymphatic vessels. 

5 . In the ducts of all secreting glands: bile ducts and gallbladder, and the 
ducts of the pancreas, salivary glands, testicle, etc. 

6 . It is also found in the capsules of the spleen and lymph nodes, in the 
skin, and in the intrinsic niusdes of the tyt. 
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Small numbers of branchings celU have been described in the walls of the 
urinary bladder and the large arteries. 

Cardiac Muscle. — Heart muscle takes origin from splanchnic mesenchyma 
which becomes modified into a loosc-meshed synertium, in which all trace of the 
original cellular element is lost. Tlie myoblast areas of stellate and irregular form 
contain a central oval nucleus and a finely granular cytoplasm. In a manner 
similar to that described for smooth muscle histogenesis, the myochondria form 
myofibrils which extend for great lengths throughout the sarcoplasmic meshwork. 
In cardiac muscle the myofibrillae subsequently acquire a cross striation. Adult 
muscle consists of stouter muscle fibers or trabeculae joined into an intricate 
close meshwork, by means of less robust branches. The nuclei retain their axial 
position in the fibers and are surrounded by an o\'al area of undifferentiated 



Fic log — Cardiac Muscle "Cells” from the Pic’s Heart, Isolated m Equal Parts 
OF Alcohol, Glycefix axd Water. 

Unstained (The nuclei arc somewhat darker than they actually appear.) X410 

granular sarcoplasm. The cardiac fibers and their branches contain peripheral 
myofibrils, which during growth of the muscle arise by longitudinal splitting of 
the original fibrils and take position prt^ressively toward the center. Cardiac 
muscle thus consists of a slender aMal core of undifferentiated sarcoplasm swell- 
ing to an oval, more expansive mass where the nuclei are located ; this core is 
surrounded by successive rows of myofibrils arranged in radial groups as seen in 
transverse section; and the whole is invested by a delicate sarcolemma. The stria- 
tions of the fiber result from the fact of a transverse alignment of identical areas 
in adjacent fibrillae. The sarcoplasm contains mitochondria (Fig. 108), lipoid 
albuminoid (interstitial granules of Kolliker), and glycogen granules. Fat gran- 
ules (“liposomes"), of probably nutritive significance, and varying greatly in 
amount according to the functional condition of the individual, are normally pres- 
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CS, intercalated disks; A, branchixK fibers; K, nuclei: S, ctiu... ’ircoplasm; connective 
tissue ccii X380 (Scliaflcr ) 

ent m cardiac muscle.*-^ This fatty content can lie demonstrated by the several 
microchcniical technics for lipoids. Accordin}? to Meves, Ducsberg, and others, 
the ny-ofibnls of striped muscle differentiate 
from the snslochondria of the myoblasts; 
but since mitochondria can be demonstrated 
in highly developed fibers (Fig. 318) it 
seems impTOl>abIe that mitochondria have 
anytijjnff directly to do with the develop- 
ment of muscle fibrils. 

It has been claimed that heart muscle 
and striped muscle generafiy can be in- 
terpreted in terms of muscle cells, and 
tntercellulaT myofibrillae, in analogy with 
connective tissue. But the presence of a 
continuous axial core of undifferentiated 
sarcoplasm in heart muscle, lack of a defi- 
nite cell membrane separating this sacro- 
plasm from the outlying myofibrillae, 
inability to separate such cells by dissociation methods, and the extension of tiie 
telophragma to the nuclear seem to render this view untenable. 



Fjc lit — T ransectios or a Group ot 
Carhiac Muscle Fjeois from a 
PApatARv Muscle of the Human 
Heart. 

Hematein and eosin X550, 


Bell, ign. 
Bullard, 1912- 
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The myofibrils must be considered further. No distinction between border 
fibrils and central fibrils, as in smooth muscle, is possible in cardiac muscle. But 
the myofibrils undergo greater differentiation. This expresses itself in an alterna- 
tion of Hghf and dark disks (bands, segments, stripes), 
said to consist of isotropic and anisotropic substances 
respectively. While the disks are conspicuous lioth in 
fresh and stained tissue, the demonstration of their phys- 
ical properties under the polariscope is a matter of 
difficulty. Under crossed Nicol prisms the entire fiber 
appears lighter than the field, showing the presence of 
anisotropic materials (granules) scattered throughout 
the fiber, but a definite banding corresponding to the 
light and dark disks of fresh muscle is not apparent in 
all striped muscle under certain conditions. It seems 
more probable that, though anisotropic substances are 
more abundant in the dark disk, they are not absent in 
the lighter disk; moreover, they are more or less defi- 
nitely aggregated in the dark disk according to the phase 
of contraction. Furthermore, it is now generally be- 
lieved that anisotropy only signifies a special condiiwu 
of the sarcoplasm rather than the presence in sarco- 
plasm of a specific substance. According to this inter- 
pretation the anisotropy of the dim disk is the result of 
the arrangement of the ultramicroscopic constituent 
particles or molecules of the Q substance with their long 
axes all in the same direction, parallel with the line of 
tension. 

The lighter (clear) disk, or intermediate disk of 
Krause, is commonly designated by the letter J 
(Isotrope streife) ; the dark ^dim) disk, or transverse 
disk of Brucke, by the letter Q (Querscheibe). On 
closer inspection the J disk is seen to be bisected by a 
dark disk or membrane, the ground membrane of 
Krause, designated by the letter Z (Zwischenscheibe). 

The term telophragma was employed by Heiden- 
hain m 191 1 for this membrane. The myofibrils are 
intimately connected with it. Similarly, the Q disk is finely-granular 

Ksected by a narrow Ught disk, the median disk of oTa 

rlensen (H), which in turn is said to be bisected by the fiber from the ventricle an 
intermediate membrane of Heidenhain, or meso- /"ouse. Note the 

Phragma (M, Mittelscheihe). Both telo- and meso- Sr'Thi"’ter'/rr;^ 
phragmata (inophragmata) are supposed to unite with contracted condition. Xiooo. 
the sarcolemma peripherally, and to be structurally similar. The telophragma is in 
intimate connection both with the sarcolemma and the nuclear membrane. But the 


Fic. II8. — Cardiac Muscle 
Fibers. 

A, portion of a fiber from a 
macerated preparation of a 
cat's heart, drawn according 
to its appearance in the op- 
tical longitudinal plane. Two 
nuclei are shown, connected 
by a continuous axial strand 
of coarsely granular sarco- 
plasm The sarcolemma ap- 
pears festooned between suc- 
cessive. ground membranes. 
There is no evidence of a cell 
membrane separating the cen- 
tral granular from the periph- 
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mesophragma, at least in cardiac muscle, is not a true membrane to which the fibrils 
are attached in the manner of the tclophragina. Indeed it remains an open question 
whether heart muscle actually possesses a mesophragma. 

The portions of a fibril, or sarcostylc, included between successive tclophrag- 
mata, constitute structural units, the sarcomeres, or iuohoimuata (Ilcidenhain, 
Fig. 113). These same terms are used also to designate the portions of the fiber 
as a whole between successive tclophragmata. In macerating fluids fractures occur 
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Pifi JN. 


Fic. 113— Diagram of a Striped Muscle Fiber, Accobdinc to IIfidfniiatn. 
The transverse fiber network may he a trophospongium. 


Fig 114 — ^LoNcrrUDiNAL Section op Portion of Wing Muscle Fiber of Mantis, at 
Midpoase OF Contraction. 

Z, telophragma, H, Hensen’s disk; /, isotropic disk; Q, anisotropic disk; Q. S.. q-sarco- 
some; J. S., j-sarcosotne. X1600. 

at the Z lines. These membranes extend completely across the fiber, through the 
axial strand of sarcoplasm — a significant fact controverting the cellular idea of 
cardiac muscle originally advanced by Apathy. The interstitial granules of Kolliker 
(sarcosomes of Retzius) scattered throughout the Q and J disks in striped muscle, 
both cardiac and skeletal, are designated the Q and J granules respectively 
(Holmgren). 

Intercalated Disks . — A unique characteristic of cardiac muscle pertains to the 
presence of the intercalated disks (junctional lines) or bands of Eberth. These are 
barely visible in ordinary histologic preparations, but can be rendered conspicuous 
by the special technics of Heidenhain and of Zimmermann. In gross appearance 
they are of several sorts; straight bands, step-like forms, and serrated forms. 
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The bands (disks) may extend completely across a fiber, or only the width of a 
single fibril (granule type) ; the step form may consist of one or more groups of 
steps and risers, the risers being the height of one or, occasionally, several inok- 
ommata; the saw-tooth type also may be of small or greater extent, and of the 
height of one or several inokommata. All three types may be arranged in rings or 
even longer or shorter spirals. The intercalated disks are peripheral in position, 
extending for varying depths, but never completely through a fiber, and never 
central to the axial sarcoplasm. They are occasionally on the same level with the 
nucleus. They have been found in the heart of representatives of ail the animal 
groups to, and including, teleost fishes.* They are present sparsely and in simple 
form also in the heart of Limulus. They are probably a morphologic incident of 
the rhjthmic contraction of cardiac muscle. They appear only late in fetal life, 
toward the end of the last week of gestation in the guinea-pig. 

The earliest disks are of the coarsely granular band type. Subsequently they increase 
in number and complexity, the older stages being diaracterized by occasional saw-tooth 
forms. Once formed, they are evidently for the most part permanent structures, under- 
going modification largely through mechanical factors. On closer inspection, under the 
higher powers of the microscope, they are seen to consist of units 
corresponding to portions of a single fibril These units may be granu- 
lar or compact. Tiie units are bisected or bounded on one side by the 
Z membrane. Association of the units in transverse lines gives rise to 
the band forms; they may be drawn into spirals by Jongiiuclinal trac- 
tion of the fibers involved; unequal transverse and oblique tractions 
probably produce the step forms, the saw-tooth form arises by process 
of longitudinal splitting of fibrils, enlargement of fibers, and the 
various tensions characteristic of hypertrophying fibers. The exclusive 
type of h>pertrophied heart muscle is the more or less complex saw- 
tooth type, 'fhe practically exc1u<iivc type of atrophied heart muscle is 
the comb type, a type produced from a band type by a modification 
involving longitudinal tension (Fig. Ii6). In brief, the unit of struc- 
ture IS a modified locus on a myofibril, in essence involving an accu- 
mulation of granules about the Z membrane. Such foci associated in 
various ways produce die various types of bands and steps, the latter 
in part due also to external mechanical factors, the extreme condition 
of such effect being saw-tooth forms. 

A significant point concerns the similarity between the phylo- 
genetic and ontogenetic development of intercalated disks: that is, 
below birds, as in all fetal hearts, only simple bands appear; in birds, 
as in young hearts, step forms are present, only in mammals and in 
old hearts do tiie more complex types appear. What then is the mean- 
ing of these disks? Any interpretation must be more or less tentative 
at present. It is easier to say svhat they probably are not, than wliat 
they probably are. They were originally interpreted as cell boundaries, 
or intercellular cement lines (Schweigger-Seidel) ; this interpretation 
lias recently been again supported by Zimmermann. This interpretation 
would mean that from a syncytium a cellular tissue has secondarily 
arisen by the appearance of cement lines, secondary cells having been formed jn a 
syncytium, irrespective of the original genetic units. A number of facts render this inter- 

* Jordan and Steele, 1912 ^ — 



Fig 115 — Longi- 
tudinal Sec- 
tion OF Por- 
tion OF Atrio- 
VENTR ICULAR 
Bundle of 
Heart of Beef. 

Many of the 
cells are 1)100' 
cteated. X160. 
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pretation inadmissible, cliief atnonR which arc their occasional supcrnitclcar position, and 
their periplieral location. A more recent Interpretation conceives of them as places where 
the muscle fiber grows, that is, ns sarcomeres in tlte nuking (Heidcniiain). Among the 
countervailing facts to such interpretation arc diicfly the absence of transition stages, 
their relative scarcity at the period of greatest growtli of the heart, and their continued 
abundance in full-grown, even aged, hearts. Tlic suggestion has been made that they arc 
related to a phase of contraction. Tliis seems more likely. Since, once formed, disks arc 
largely permanent, and undergo subsequent modification, they must represent an irre- 
versible condition of the contraction phase. Tlie interpretation of the disks, as irreversible 
coji/rtJc/i'oK bands, rests upon the similarity of the simplest types and the contraction bands 
of Rollet, both characterized by accumulation of dark staining granules about the Z mem- 
brane. In tiie older hearts, where they are mechanically modified, and in diseased hearts, 
as in hypertrophies, where probably a chemical modification is supcrposeil, they represent 
lines of weakness. These are the locations of fracture in fragmented and segmented patho- 
logical hearts. 

Heart muscle is syncytial in structure, and the myoribrillac pass uninterruptedly 
through the intercalated disks. These facts arc of special imiiortancc because of 



b e u 



Fig 116 — ^Various Types of Intercalated Disks. 
from guinea-pig’s heart, b, from chipmunk’s heart; c, from monkey’s heart; d, from 
monkey’s heart; e, from guinea-pig's heart; f, from chipmunk’s heart X1200. 

their bearing on the opposed theories of the origin and conduction of the stimulus 
to the heart beat, the myogenic and the nettrogenic. A complete cellular structure 
\vith actual cement lines, combined with the fact that the atria are apparently com- 
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pletely separated from the ventricles by intervening connective tissue, was once 
urged as a strong argument against the validity of the myogenic theory of heart beat 
— the theory which proclaimed the adequacy of heart muscle to initiate and conduct 
the stimulus to contraction without the intervention of nerve elements, that is, to 
beat automatically and independently of tlte nerv- 
ous system. The neurogenic theory, which holds 
that the nerve elements are essential for the con- 
duction of stimuli for contraction, on the other 
hand, seemed contradicted by the observation that 
in tlie chick the heart beat rhythmically before 
the appearance of nerve fibers. However, there re- 
mained the possibility that nerve fibers were pres- 
ent but undemonstralile by the method employed; 
also that while nen’Cs might be unnecessary for 
maintaining rhythmic contraction during embry- 
onic life, they nevertheless became necessary in 
fetal and adult life 

The discovery of the atriovcntricuhr bundle of 
His (1893) at first added apparently the strong- 
est evidence to the support of the application of 
the myogenic theory of heart beat in the mam- 
malian forms This is a muscular bundle which 
effects an intimate connection between the atria 
and the ventricles. See Figure 227. 

An important matter is the obser\*ation that the 
final ramifications of the bundle of His are identi- 
cal with the so-called Purkiuje fibers. These have 
long been known, especially in the sheep’s heart, 
where they are unusually large and abundant. 

They are limited to a region directly under the 
ventricular endocardium. They are coarser, less 
branched, w’ith fewer intercalated disks, almost 
exclusively of the band type, than are the fibers of 
the myocardium proper. They would seem to rep- 
resent a younger or less highly differentiated stage 
of muscle fiber. In cross-section they are of 
greater diameter, with fewer peripheral myofibrils 
and a far greater amount o! central undifferenti- 
ated sarcoplasm, rich in glycogen. According to 
Unge,« the Purkraje fibers cannot, however, he regarded as remains of embryonic 
muscle cells, since they are clearly distinguishable already in very younn ■ 
nialian embryos; they constitute the r,r,r..««v.a,»«,w — .... ^ 

to heart beat. 


Fig. ti7.--SucCESswE Stages of 
Skeletal Muscle Histogene- 
sis IN Mammals. 

a, myoblast with fine cytoplas- 
mic granules (myochondria), from 
a 13 millimeter' sheep embryo; b, 
myoblast with homogeneous myofi- 
brils, from a 10 rniilimeter guinea- 
pig embryo ; c, myoblast with cross- 
striped fibrils, from a 8.5 millime- 
ter rabbit embryo (From Heiden- 
bain, after Godlewski.) 


non-nervous apparatus for conducting stimuli 


Lange, 1914. 
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The myogenic tlicory accordingly seemed well cslahU^l^cd. It was apparently strongly 
supported hy the experiments of Erhneer,’ who clampesl the bundle in the dog’s Ijcart 
and produced a condition of heart block— a disturlwncc of the coordinated rhytlrmicity 
of the atria and ventricles— without, J>ovvmr» interfering with the conduction of Impulse, 
since there resulted no stoppage of contraction in the ventricles. But the suhsediietJl dis- 
covery of abundant nerve fibers and ganglion cells (Tawara, Wilson, JfcGill) in the 
bundle, intimately related to the cartKac fibers, robbed this experiment of its specific 
applicability ami seemed for a time to force an interpretation favoring the neurogenic 
theory. Carlson,* moreover, demonstratet! it# validity for tlic Limulus heart, which, after 
the removal of its ganglion, could not be made to beat. But Burrmvs ® has shown tiiat 
single cells of a fourteen- to cighteen-day embryo chick Jicari, grown in artificial culture 
media, may begin to beat automatically and rhythmically— an observation which ^\ould 
seem to settle the point that heart muscle may beat rhytlimlcally in the absence of nerve 
supply or even nerve stitnulus. 

Furthermore, Hooker*** showed that in the frog larvae in tthich the nervous sy.slcm 
was entirely removed, the cardiac muscle will difTerentiate and function notma)iy. inde- 
pendently of nervous control The myogenic tbeorj* is furtlier supported by the fact that 
tt has been possible to revii'c the excised heart of man to rhythmic activity twents’ hours 
after death, wliercas the longest time that a nerve cell is knoivn to survive (in the 
intestine) is three and one-liaif hours.** In the superior cervical ganglia, nerve cells 
may survive one hour, while in the brain tlic maximum time of survival is said to be 
fifteen minutes. 

Any interpretation of tlie intercalated disks as actual 
intercellular structures feement substance) is inconsistent 
with the myogenic theory of the heart beat, which now 
seems largely to prevail. The present status of the matter 
seems to be that Uie origin of stimulus to heart beat in ver- 
tebrates IS myogenic, in invertebrates probably neurogenic. 
The difference may inhere in the absence tn the hearts of 
invertebrates of a muscular coordin.atjng structure analo- 
gous to the atrioventricular bundle of vertebrate hearts. 

Voluntary Striped or Skeletal Muscle,— The unit 
of structure of skeletal muscle is essentially the same as 
that described for cardiac muscle, namely, a myofibril 
or sarcoslyh. Huber*’ has shown that the tnyofibrils of 
one fiber may pass to an adjacent fiber. Thus voluntary 
striped muscle also is syncytial, in a manner similar to 
smooth and cardiac muscle. The fiber and the constitu- 
ent fibrils are likewise divisible into successive sarcomeres or inokommata. A differ- 
ence in detail inheres in a greater definiteness of striation, and a greater complexity, 
due to the presence generally of an additional disk in the J stripe. This stripe or 
accessory disk of Engelmann (N line; Nebenscheibe) bisects the portion of the J 
disk between the 2 line and the succeeding Q disk. It «s interpreted more or less 

rErlanger, 1906 

s Carlson, 1904 . 

9 Burrows, jpii, 

jojjooker, jpJi. 

« Flack, ipop 

1* CanncMi and Burkett, 1913. 

19 Huber, 1916. 



Fic. 118.— TRAJfSvcflsB Sec- 
Tio.v Of A SrRipra Sloscte 
Fiber or a Nfwiy 
HAT cneo Rainbow Trout, 
SnowiNc THE Pspcess of 
Myofibril Incrfase by 
Radial Longitudinal 
Sputting. 

Mitochondria- are seen in 
the peripheral sarcoplasm 
and around the nucleus at the 
right Meves’ tcchiuc. Xsooo 
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tentatively by Heidenhain as due to a linear arrangement of J granules. However, 
apart from the possible presence of intcrfibrillar J granules the fibrils themselves 
may be locally modified, such modification constituting the true N disk.” This disk 
may represent a lagging portion of the Q substance during or following contraction. 

The median segment of the J disk, that is, the portion between the N line 
and the Z line, is called the fcnniual disk by Merkel (E disk; endscheibe). This 
complex condition of striping is conspicuous only in the leg muscle of certain 
insects. Complexity of striation appears to be correlated with 
an ability to contract only slowly but with great force. Rapidity 
of contraction, and the ability to sustain rapid function for 
long periods of time, as in the wing muscles of certain insects 
and the analogous pectoral muscles of birds and bats, is cor- 
related with a relatively very coarse sarcostyle and a relatively 
simple condition of striations. The wing muscles of certain 
insects may perform as many as 300 complete contractions in 
a second. In routine laboratory preparations only the Z, Q and 
J disks are readily discernible. The occurrence of an N disk 






im. 





Fig. 119 


Fig 119—Striated Muscle Fibers Ruptprei) bv Teasing, Showing the Sarcolemma. 
a, ruptured end of the muscle fiber ; b, a bundle of fibrils projecting from the torn end • m a 
muscle fiber; i.', a nucleus of the muscle cell; at f, the muscle substance has shtunhen'aw'ay 
from the sarcolemma , s, sarcolemma. Moderately magnified. (Ranvier.) ^ 


Fig 120— Isolated Fragments of Striated Muscle Fibers, Unstained. 
The one above is from the end of a fiber; that on the right shows at one end a 
to cleavage into transverse disks. X360. 


tendency 


Speidel, 1939 
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may possibly be associated with a stage in llic forimtion of the contraction liand in 
muscle which contracts only slowly but very forcibly. 

In skeletal muscle the myofibrils arc more or less sharply aggregated info 
small groups, known as Kollikcr’s columns. In transverse sections of the fil)crs 
these columns api>car as irregular granular areas, the so-called areas of Cohnheim. 
Each group or column represents the final division products of an earlier coarser 
fibril (Fig. 119), In view of the increasing confusion regarding the identity of 



Fic. 121 .— Striated Muscle Fibers or the Doc. Seem im Transeltiom. 

The areas of Cohnheim arc itidtslinctly oiKlincd. Hematein and cosin. X490 

aTcas” \\ seems preSeraWc \o \tse the term “KoWkei’s aTtas” to 
designate the transverse sections of Kdlhker’s columns. These are equally con- 
spicuous whether the section passes at the level of adjacent Q disks or J disks. 
In this, the usually accepted sense “Cohnheim’s areas” do not represent trans^erse 
sections of groups of myofibrils at Q levels alternating with groups cut at J levels, 
as recently proposed by Carey and Zeit.*® The “areas” are transverse sections of 
groups of fibrils (Kdlliker’s columns); their borders are regions of fibril-free 
sarcoplasm. 

Another difference between skeletal and cardiac muscle pertains to the diam- 
eter of the fiber and the position of the nucleus. In skeletal muscle the fiber has a 
greater diameter, is more nearly circular in cross-section, the myofibrils are scat- 
tered throughout its diameter, and the nuclei are peripheral, lying just beneath the 
sarcolemma. The nuclei are enveloped in a small amount of gr anular sarcoplasm. 

Carey and Zeit, 193^ 
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The sarcolemma is a homogeneous, plastic, non-nucleated membrane, the repre- 
sentative and product of the cell membrane of the original myoblasts. 

The perinuclear sarcoplasm contains filar and granular mitochondria. Both the 



Fig. 122 — Longitudinal Section of Skeletal Musclf of Cat. 

The cross-striations (disks) include the dark Q stripes, the alternating light J stripes and 
the dark ground (Z) membranes bisecting the / stripes. X875. This muscle is in relaxed 
condition 

perinuclear and interfibrillar sarcoplasm contains also fat granules and globules 
(liposomes), interstitial granules of Kblliker and glycogen. 

Heidenhain^® has conclusively shown that in the trout embryo the progenitor 
(the manner of w’hose origin is unknown) of the definitive myofibrillae is a single, 
stout, deeply staining column, close to the nuclear wall externally, which undergoes 
a succession of radial and concentric longitudinal divisions. This observation 
would seem to dispose of the assumption of a direct mitochondrial origin of 
Heidenhain, 191,1 
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m)oril)rillac in tliis fonn nt least, in the manner of the current descriptions. And 
this conclusion is strengthened hy the demonstration of mitochomlria throughout 
the earlier development (Eig. Ii8). 

Skeletal muscles develop from a portion of the mcsodermic segments or prim- 
itive somites, called the wyolomcs. The myobhsls pass through the early histo- 
genetic changes already described for cardiac muscle. In the frog, irritability was 



Fig. 123 — Longitudinal Section of Ckoss-striateo Muscle from the Tail of Frog TAr 
POLE, Showing Alternating Dark ((?) and Light ( J ) Stripes, and a Number of 
Long Oval Nuclei. X400 

When this muscle is stretched in the resting condition, Z-membranes become visible, due tc 
thickening following decrease of radial tension 

shown by Hooker to follow closely upon differentiation of the fibrillae, and the 
establishment of nervous connections 

The adult skeletal muscle filler is a multinuclear structure. Is this condition 
the result of fusion of distinct myoblasts, or of growth of a single myoblast accom- 
panied by nuclear proliferation? Both interpretations have been advanced; many 
observational data tend to show that a skeletal muscle fiber represents a mj’oblast 
which has elongated and multiplied its nuclei. In the trout embrj’o, however, 
considerable fusion of myoblasts occurs. The mode of nuclear division appears 
to be at first mitotic, and subsequently amitotic. In the tongue a small number 
of branched fibers liave been described. 

Striped muscle fibers differ in the relative amounts of myofibrillar and sarco- 
plasmic content. When tJie myofibriJJae arc relatively preponderant and the inter- 
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stitial granules sparse, the fiber is known as "light”; when the sarcoplasm, with its 
interstitial granules, is relatively abundant, dark. In the latter fibers m_anj of 
the nuclei may be centrally located. Most mammalian muscles contain both types 
of fibers, but with the light greatly in excess. When a muscle consists chiefly of 



Fig 124 — Four Successive Functional Stages or a Lec-moscle Fiber of the 
Sea Spider (Anoplodactylus Lf.ntus) 

Fiber A is in tbe relaxed condition, fibers B, C, and D in successively later phases o! con- 
traction Identical stages, in the same seriation, are met with when the four fibers are considered 
in a horizontal direction (between the telophragmata, Z), and when fiber D is considered in a 
vertical direction During contraction the deeply stammg substance of the Q-disks of the relaxed 
fiber {A) divides and flows in opposite directions from the midlme (mesophragma) toward the 
adjacent telophragmata (B) meanwhile involving the fl^-disks (C) and uniting about the telo- 
phragmata (D) to form the contraction bands (CB) of the contracted fiber. There occurs here 
a true reversal of stnation as regards (he deeply staining substance of Q during the formation 
of the contraction bands. The H-disk is a coincidence of contraction. Fiber D is stretched in its 
middle portion. 

light fibers it is a white muscle; when the dark fibers are abundant it may be 
called red muscle. The former variety, for example the biceps muscle, acts more 
energetically but is more easily fatigued; the latter, like the muscles of mastica- 
tion, respiration, the eyeball, and cardiac muscle, are functionally characterized 
by slower activity but less ready fatigue. The interstitial granules accordingly 
seem to be of nutritive significance They are generally more abundant in the 
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J tlwn in the Q segments. The J granules are of si^ierical form niid smaller than 
the oval Q granules. Striped muscle fibers contain al^o a trojdiosjjonginm (Holm- 
gren), and a sparse- perinuclear Golgi net. Adult muscle cannot regenerate. Inil is 
replaced by scar tissue. A young filler is able to regenerate, ilic process itivolving 
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Fja 125.— LoxcrtuDiNAi. SfctiON op a Poutiok op a Strippji itosetn Trabpcola op Z-isrotus, 
Showing a Nucetus or StuRAtto Contour wrtu tne Tecophracmata ArrACiitai «> 

THE StSKATtONS. 

The nucleus lies in an undifferentiated mass of sarcoplasm containing below a deutoplasmic 
granule The adjacent myofibrils simulate a eel! membrane. Fleming's fluid, iron-hematoxylin. 
X2000. 


Fig 126. — Striated Fiber from a Lec Musci-e op the Spa Spioer (Anopuooactylus Lektus), 
SiioiviNC the Complexlv Striped Oj.soition Cuakactcristic or /nsect Muscle. 

Q. anisotropic disk; /, isotropic disk; Jlf, membrane cf Heidenhain (mesophragma) ; 2 , mem- 
brane of Krause (telophragma) , H, median disk of Hensen; N, accessory disk of Englemann; 
E. terminal disk of Merkel X tooo 

Fig 127.— Two Adjacent Muscle Fibers from Leo or Cockroach. 

Fiber a is in the relaxed condition, fiber b in contracted condition. The resting fiber shows 
Q and J disks and .)/ and Z-roembrane, the contracted fiber is charactcrired by a succession of 
dark contraction bands (c. & ) at the fevels of the mesophragma. Xi 3 so. 

Tuovement of proliferating nuclei toward the cut surface,*’^ Muscle growth, as 
with exercise, depends upon enlargement of the muscle fiber, consequent upon a 
iiiultipllcation of fibnllae by process of longitudiiial splitting, and their individual 

enlargement. ' . 


Speidel, 1938, 
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Fig. 128 — Fiber from 


Frog's Gastrocnemius Muscle. 


A. appearance of resting fiber teased in Ringer’s solution, showing Q and J stripes and the 
Z-membrane. B, appearance of contracted fiber m same preparation, showing contraction bands. 
X900. 

Fig 129 — Longitudinal Section of Portion of Leg-muscle Fiber of a Grasshopper 
The fiber passes abruptly from a condition of relaxation to one of contraction at point A 
where a contraction band can be seen forming by process of fusion of opposite halves of two 
successive dark disks against the involved telophragma The telophragma is no longer dis- 
cernible at the phase of contraction shown at A, due probably to its having become stretdied by 
the horizontal tension at this level to a degree of delicacy beyond the limits of microscopic vision 
The formation of the contraction bands bclovii A has effected a true reversal of striations s 
staining constituent of the dark disk. Flemming’s fixation, iron-hematoxyUn 

Fig. 130 (A. B. C, i)).— D iagrams Illustrating Four Stages in Contractiov 

Striped Muscle Fibril. ‘ ^ 
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J tlian in the Q segments. The J granules arc of spherical form and smaller than 
the oval Q granules. Striped muscle fibers contain also a troplio5j)ongiiiin (Holm- 
gren), and a sparse ])crinuclcar Golgi net. Adult imisclc cannot regenerate. Imt is 
replaced by scar tissue. A young fd>cr is able to regenerate, the process involving 
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Fio. 125— Longitudinal Section of a Portio.n or a Striped Musae Trabecula or Lmutus, 
SnowiNC A Nucleus of Sewrateo Contour wnu tue Telophracmata AnACUED to 
THE Serrations. 

The nucleus lies In an undifferentiated mass of sarcoplasm containing below a deutoplasmic 
granule. The adjacent myofibrils simulate a cell membrane. Fleming's fluid, iron-hematoxylin. 
Xaooo. 

Fig. 126. — Striated Fiber from a Leg Muscle or the Sea Spider (Anoplodactylus Lentus), 
Showing the Complexly Striped Condition Characteristic of Insect Muscle. 

Q, anisotropic disk ; I, isotropic disk ; M, membrane of Heidenhain (mesophragma) ; Z, mem- 
brane of Krause (telophragma) ; H, median disk of Hensen; N, accessory disk of EnglemannJ 
E, terminal disk of Merkel. Xiooo 


Fig. 127 — Two Adjacent Muscle Fibers from Lfc of Cockroach. 

Fiber a is in the relaxed condition, fiber b in contracted condition The resting fiber shows 
Q and J disks and M and Z-membrane , the contracted fiber is characterized by a succession of 
dark contraction bands (c. b ) at the levels of the mesophragma. X13SO. 


movement of proliferating nuclei toward the cut surface.^' Muscle growth, as 
with exercise, depends upon enlargement of the muscle fiber, consequent upon a 
multiplication of fibnllae by process of longitudinal splitting, and their individual 
enlargement. 


Speidel, 1938. 





A, appearance of resting fiber teased in Ringer’s solution, showing Q and J stripes and the 
Z-membrane B, appearance of contracted fiber in same preparation, showing contraction bands 
X900. 

Fig. 129 — Longitudinal Section of Portion of Leg-muscle Fiber of a Grasshopper. 

The fiber passes abruptly from a condition of relaxation to one of contraction at point A, 
where a contraction band can be seen forming by process of fusion of opposite halves of two 
successive dark disks against the involved telophragma. The telophragma is no longer dis- 
cernible at the phase of contraction show’n at A, due probably to its having become stretched by 
the horizontal tension at this level to a degree of delicacy beyond the limits of microscopic vision 
The formation of the contraction bands below A has effected a true reversal of striations as 
regard^ a deeply staining constituent of the dark disk. Flemming’s fixation, iron-hematoxylin 

Fig. 130 (A. D, C. Z?).— Diagrams Illustrating Four Stages in CoNTRtcriov or a 
Striped Muscle Fibril. 
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MUSCULAR CONTRACTION 

The explanation of striped muscle contraction which fits best the histolofjic data 
is one expressed in terms of surface tension phenomena in the constituent myofibrils of 
the striated fibers. It is obvious that no theory of muscle contraction can be adequate 
that is not based upon, and consistent with, the structural changes which the striped fibril 
undergoes during contraction. The primary histologic change concerns a reversal of 
striations as regards a <lim and deeper staining substance of the Q disk, resulting in tlie 
formation of contraction bands, coincident with a shortening and thickening of the sar- 
comeres. The diagrams of Figure 130 are designed to illustrate these changes in a single 
contracting myofibril. The undivided Q disk of the resting fibril A becomes bisected at 
the beginning of contraction (li) by the appearance of an H disk. The resulting halves 
of tlie dividing Q disk move in opposite directions toward the terminal telophragmata of 
tlie respective sarcomeres (C) and fuse with similar opposite halves of sticcessis'c Q 
disks to form the contraction bands of the contracted fiber (Z)). Meanwhile tiie constitu- 
ent sarcomeres (J*) have shortened and thickened, and the fibrils and fiber base con- 
tracted. 

Macallum'* and Mciiten*® have shown that potassium salts, certain chlorides and 
phosphates are segregated in the dim disks; and Menten’s illustrations indicate that 
these crystalloids (electrolstcs) change tlicir position during contraction from the dim 
disk to the originally clear disk, that Is from the Q disks to the contraction bands. 
During contraction, therefore, there occurs a movement of electrolytes from the meso- 
phragma to the terminal telophragmata of successive 
sarcomeres. Tlie passage of these cliarged ions 
among the ultimate colloidal particles of the clear 
disks may, be the fundamental factor in the produc- 
tion of shortened and thickened sarcomeres, coin- 
cident with the formation of contraction bands 
during contraction. 

The details of this hypothesis, which involves 
the factor of surface tension, are illustrated in the 
diagrams A and B of Figure 13 r. In the resting 
fiber A, the black dots of the dim disks represent 
negatively charged ions, resulting from the passage 
of an electric current following the entrance of the 
nervous stimulus at the levels of the mesophrag- 
mat.i. The electrical current of action is assumed to 
pass from the mesophragma to the terminal telo- 
pliragniata of the tliree sarcomeres through the 
agency of the ions. The ellipsoids of the clear disks 
represent positively charged ultimate colloidal par- 
ticles of the essentially colloidal gels of these areas. 

In the contracted fibril B, tiie electrolytes are shown massed at the levels of the telo- 
phragmata, that IS, in the resulting contraction bands. In the passage of the negatively 
• • ' 1 -M* — • i.t — of tlic clcar disk 

•utralize their sur- 
'les results in the 

increase of their surface tension and a consequent change ot shape irom ellipsoidal to 
spherical form This change of shape of the ultimate colloidal particles constitutes the 
essence of striated muscle contraction. It may be assumed that when the nervous impulse 



A 


Fro 131 (A and B). — Diagkams 
Illustrating the Changes in 
THE Physicochemical Constitu- 
tion OF THE Striped Muscle Fi- 
bril DURING Contraction. 


18 Macallum, A B , 190s- 

19 Menten, 1908 
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ceases, the above-described process becomes reversetl and the sarcomeres in consequence 
return to their original condition of equilibrium cliaracterlstic of the uncontracted fiber. 

The above outlined hypothesis permits aUo a consistent interpretation of intercalated 
disks as irreversible contraction bands. The following facts may be reltcarsed at this 
point; (i) the simplest forms of intercalated disks are such as are citlier bisected by a 
telophragma, bounded on only one surface by a telophragma or bounded on both surfaces 
by these membranes. (2) The primary type of intercalated disk is essentially similar to a 
contraction band. (3) Contraction bands are essentially double structures, consisting of 



Fic 132. — Longitudinal Section of Several Columns of Contracting Smooth Muscle 
FROM the Gizzard of a T'\o-montii-oli> Chicken, Showing Four Contraction Waves 
Composed of Horizontally Aligned Contraction Nodes on Adjacent Cells. X2G6. 


two relatively independent halves separated by a telophragma. (4) When striped muscle 
functions to the point of exhaustion there accumulates in the muscle a relatively excessive 
quantity of lactic acid, (s) Acid precipitates, that is, effects an irreversible coagulation 
of protoplasm 


In the presence, therefore, of a relatively excessive amount of lactic acid during con- 
traction, certain contraction bands may become irreversibly coagulated. Such would per- 
sist as intercalated disks, both in cardiac and skeletal muscle, of the type bisected by a 
telophragma. W^hen one half of this compound contraction band remains capable of 
reiersal while the other half has become irreversibly coagulated, there results a disk 
bounded on one side by a telophragma. When opposite halves of two adjacent contraction 
bands become incapable of reversal there results the third variety of simpler disk bounded 
on botli borders by a telophragma, the middle area having become altered secondarily 

m,=rcXe^dtrof°k\fvSV“^ ’'“““Seneous 

Transitional Muscle. — This term has been applied to patches of smnntii • 

certain organs showing a variable condition of transverse striping. Such muscle has been 
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describe, I i„ ,l,c of cliicl-ens, , lacks ami piKCons." In alleged later ami (Icfmitivc 

stafCi It has liccri ilcscrilicil also in the Haililer ol the joniit; tlof; folloivinK the experi. 
mental iniliiction of rliytlimical craitraclion liy means of the passanc of a solution of 



Fic 133 — Lo.vfiiTiinixAi. Srcriov or SrvrBAt Columns of Smooth Muscle feom the Cie- 
ZABD or Two-jionth-ou) CirtCKts, Siiowt.vc a CosniTiov Si'ccfstu’k or Cross-sthiateo 
Cardiac or Skfxetal XIuscle, TifE Result or a Mechanical Dffobmatio.v Following 
Contraction in an Adjacent Region. X150 


boric acid under gravity pressure.-* TUc coiulitiou is characterized by Uie occurrence of 
an alternation of liglit and dark transverse Iiamb of greatly varying widtli and a very 
variable degree of spacing It lias been interpreted as showing a transition between 

ordinary smooth muscle and genu- 
ine cross-striated muscle The rela- 
tively wide dsTrk bands are supposed 
to represent the Q hands. of cross- 
striated muscle, the alternating 
lighter bands the J bands. Conditions 
of wide spacing of the bands (Fig. 
132) are interpreted as showing 
Fig 134 — StitioiAcRAMMATic Illustration of a Col- earlier stages of transition; those of 
LECTION OF Smooth Muscle Cells from the Gir- thinner more closely spaced bands 
ZAitD or A Chicken (Fro. 133) Passivelv Modified (Fig. 133), the later stages of tran- 
BV A Loncitudi.n'al Buckling to Simoi>te Choss- sition to cross-striated muscle. Struc- 
STRiATioNS tures comparable to ground (Z) 

membrane have not been designated. 
In terms of this interpretation, the cross-striated structure of cardiac muscle is the 
result of rhythmical functi on rather than the antece dent morpholo gic mechanism sup- 

Carey. 193b 
s* Carey. 1921. 




MUSCULAR CONTRACTION 


porting i>udi rhythmic contraction. However, the structure described as “transitional 
muscle” is simply smooth muscle in various degrees of contraction or in various degrees 



Fig. 135. — Longitudinal Section of a Smooth Muscle Cllu Showing One Median 
Contraction Node, from a Contraction Wave in Fig. 137. Xpoo. 

of distortion. Such muscle contains no stripes comparable to those of genuine cross- 
striated muscle. We are dealing simply with simulacra of cross-striated muscle. Tlie 
bands are not genuine Q and J stripes. The wide dark bands are contraction nodes in 
fairly precise horizontal alignment on adjacent smooth 
muscle cells. The narrow and closely spaceil bands 
which appear in certain areas of smooth muscle, 
simulating J and Q bands of cardiac and skeletal 
muscle, are simply undulating or zigzag distortions 
(Fig. 134). When blocks of tissue of chicken gizzard, 
stained sections from which showed a cross-striped 
condition, are dissociated in solutions of caustic pot* 

. ash discrete typical smooth muscle cells are readily 
obtained, some with vari.iWe numbers of contraction 
nodes, others with many gentle or sharp undulations 
and frequently shotving terminal spiral twists (Fig. 

136, B), Moreover, large areas of urinary blad<ler 
wall from young dogs show the same closely Mtiped 
structure as in the case of bladders subjected to c.x- 
penmental rh>Thmical contraction (Fig 138). Simi- 
lar areas may readily be found m sections of any 
portion of the smooth muscle wall of the alimentary 
canal ^ • 

The following finding is especially illuminating 
as explaining the closely cross-striped appearance of 
certain specimens of smooth muscle: In a transverse 
section of the colon of the dog where the outer longi- 
tudinal smooth muscle lajer was sharply contracted 
as shown by widely spaced contraction waves, large 
areas of the inner circular layer showed a condition 
of clo'^e cross-stnping suggestive of cardiac muscle. 

On inspection w’lth oil immersion lens typical fusi- 
form smooth muscle cells could be seen m conditions 
of buckling, resembling accordion plaiting, giving a 
superficial appear.ance of genuine cross striation com- 
prising Q and J disks In a section of tlie lower end 
of the esophagus of the cat, conditions were reversed; 
here the inner circular layer showed widely spaced 
contraction waves, and the adjacent area of the outer 
longitudinal layer showed a condition of dose stria- 
tion, and a corrugation of the constituent cells. Muscle 
transitional in structure between smooth muscle and 
cardiac muscle has not been demonstrated to exist. 

The condition describetl as transitional muscle is merely smooth rausde distort,,! 
simulate cross-s, tinted muscle. Where flte datk bands are" relative ly S and "lilg 



Fig 136 — Smooth Muscle Cells, 
, Smootli muscle cell from giz- 
zard of chicken (Fig. 132) showing 
a succession of contraction nodes; 
b, cell from same preparation in 
region of tendon junction (Fig 
133) showing a condition of cross- 
striping, the result of a mechanical 
distortion imposed by its location 
betiv^n a region of contracting 
musde and an opposing inelastic 
oarrier of connective tissue. X900 
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spaced tlic condition stKiilfics normal contracdon nodes; wlicrc the hands arc narrow and 
closely spaced we are dcallnj: with a deformation of sniootli muscle, the effect of a 
mechanical adjustment of fusifornt cells to ext^ious confines rcsuliin;; from pressure of 
an area of contracting cells on one side against a connective tissue harrier on the opposite 
sidd. 

We ntust now consider the muscle as a whole. For this purpose we may select 
any well-known muscle, for example* the Weeps. A muscle as seen tn transverse 





Fic IJ7 , — Txawsverse ScCTiOiv OF CoLos or Doc^ Sirowwc Sevskm JmECVLAK Co.vtractio.v 
Wasts in the Circular Smooth ifusciE Layer. X170 

section is enveloped in a moderately dense, fibro-elastic membrane, the ephnysium 
(external perimysium) ; this gives off septa svhich separate the muscle into a 
larger or smaller number of bundles, depending iijion its sire, each bundle, or 
fasciculus, being again separately closely enveloped in a fibro-elastic covering, the 
perimysium (internal perimysium). Each fasdculus is, moreover, again subdivided 
into larger and smaller collections of muscle fibers, each bundle imperfectly sep- 
arated from its fellows by septa from the pen'mysium, the eudomysintn. The 
ultimate subdivisions of the endomysium completely envelop each fiber and blend 
with the sarcolemma. This brings us to an individual fiber. Each fiber is inclosed 
in a sarcolemma. The myofibrilJac are collected into larger and smaller bundles, 
Kolliker’s cohtmus, separated from each other by semifluid, granular sarcoplasm; 
these collections in cross-section arc known as the areas of Cohnhem. They rep- 
resent the definitive division products of the original group of fibrils (Heidenhain). 
The ultimate histologic units arc the myofibrillae or sarcostyles. Uut these may 
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consist of still more delicate fibrils; in Limulus muscle, for example, the myofibrils 
may be resolved into successively finer fibrils to the limits of visibility. 

Heart muscle can be similarly, but less precisely divided, the endocardium and 
epicardium corresponding to the epinnsium. Fasciculi and perimysium are not so 
readily distinguished, but the endomysiiim is related to cardiac muscle in a man- 
ner essentially similar to that described for skeletal muscle. 



Fic. 138. — Area of Wall of Normal Blaoder of Yoonc Dog, Showing Passively 
Distorted Smooth Muscle, Simulating Cross-striated Muscle. X87S. 


The student should have well in hand the several criteria for the differentiation 
of the three t}pes of muscle, both in transverse and longitudinal sections; and of 
smooth muscle from the dense white fibrous connective tissue. In brief, cross- 
sections of skeletal striped muscle can be readily distinguished on the basis of 
their greater diameter and the peripheral position of the nucleus. Both cardiac and 
smooth muscle fibers have a central nucleus and peripheral fibrillae; but the fibers 
of the cardiac muscle are more or less polygonal in outline and more constant 
in size, excepting occasional branches, while the smooth cells are circular in out- 
line and of very diverse diameters, depending upon the different levels at which the 
section passes through adjacent fusiform cells. In longitudinal sections the cardiac 
muscle can be easily recognized by its branching character and the presence of 
intercalated disks; smooth muscle by the fusiform character of its associated cells 
Smooth muscle is frequently difficult to distinguish from compact, white fibrous 
connective tissue. When both are present in the same section, stained with the 
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spaced the condition siRniftes normal contraction nodes; ^vl^crc Uic Lands are narrow and 
closely spaced we are dcalinfr with a tleformalion of smooth muscle, the effect of a 
mechanical adjustment of fusiform cells to exiintoos confines resuhin^' from pressure of 
an area of cotitractmfj cells on one side against a connective tissue harrier on the onnositc 
sidd. 

We must now consider the nutsclc as a svholc. For this purpose we may select 
any wcH-known muscle, for example, the Weeps, A muscle as seen in transverse 



Fic. 13 ? — Transverse Section of Colon or Doc, Siiowinc Ski’eral Irregular Contraction 
Waves in the Circular Smooto Muscle Layer. X170. 

section is enveloped in a moderately dense, fibro-eJastIc membrane, the ephnysium 
(external perimysium) ; this gives off septa which separate the muscle into a 
larger or smaller number of bundles, depending upon its size, each bundle, or 
fasciculus, being again separately closely enveloped in a fibro-elastic covering, the 
pmiuyrtum (internal perimysium). Each fasciculus is, moreover, again subdivided 
into larger and smaller collections of muscle fibers, each bundle imperfectly sep- 
arated from its fellows by septa from the perimysium, the aidoviysiinn. The 
ultimate subdivisions of the endomysium completely envelop each fiber and blend 
with the sarcolemma. This brings us to an individual fiber. Each fiber is inclosed 
in a sarcolemma. The myofibrillae are collected into larger and smaller Lundies, 
Kdllii^c/s ro/HJ»«r. separated from each other by semifluid, granular sarcoplasm; 
these collections in cross-section are known as the areas of CohuUcUu. They rep- 
resent the definitive division products of the original group of fibrils (Hcidenhain). 
The ultimate histologic units are the myofibrillae or sarcostyles. But tlicse may 




MUSCULAR CONTRACTION 


III 


consist of still more delicate fibrils; in Limulus muscle, for example, the myofibrils 
may be resolved into successively finer fibrils to the limits of visibility. 

Heart muscle can \k similarly, but less precisely divided, the endocardium and 
epicardium correspondiii" to the epim\siuni. Fasciculi and perimysium are not so 
readily distinguished, but the endomysiiim is related to cardiac muscle in a man- 
ner essentially similar to that described for skeletal muscle. 



Fig. 138 — Area of Wall of Normal Blaoder of Young Dog, Showing Passively 
Distorted Smooth Muscle, Simulating Cross-striated Muscle. X875. 


The student should have well in hand the several criteria for the differentiation 
of the three t}pes of muscle, both m transverse and longitudinal sections; and of 
smooth muscle from the dense white fibrous connective tissue. In brief, cross- 
sections of skeletal striped muscle can be readily distinguished on the basis of 
their greater diameter and the peripheral position of the nucleus. Both cardiac and 
smooth muscle fibers have a central nucleus and peripheral fibrillae; but the fibers 
of the cardiac muscle are more or less polygonal in outline and more constant 
in size, excepting occasional branches, while the smooth cells are circular in out- 
line and of veiy' diverse diameters, depending upon the different levels at which the 
section passes through adjacent fusiform cells. In longitudinal sections the cardiac 
muscle can be easily recognized by its branching character and the presence of 
intercalated disks; smooth muscle by the fusiform character of its associated cells 
Smooth muscle is frequently difficult to distinguish from compact, white fibrous 
connective tissue. When both are present in the same section, stained with the 
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Fic. 139 — Stujatfd Muscle Fiefrs or thf Doo. 


The blo'Kl vessels have Iwen fiUc«l hy injectioH 
with a Rclatinoiis mass and are ri'i»resciUetl in 
hlnck. One whole /.iscioiltis and one fJlicr fr<im 
an ndjacnit fasciculus liavc tx-'cii included. 
<1, pcriniysiimi ; l>, citdomysniin ; e, a laruc vein 
seen in transection. The sictinn was imU stained. 

X53 

iti tlie center of the aiialofjous structure, the 


routine hcniaioxylin-c*o5in technic, the 
two cxhlhit .1 sl/giit difference in 
stainin/;' reaction. The smooth muscle 
cornmonJy stains a tleepcr rc<I; the 
collapctjoiis fibers have n Jiglitcr 
oranjfc tin^'c. Moreover, from a mor- 
plioiogtcal .stantipoint, uliilc iwrtions 
of tlic white fihrous connective tissue 
nuy appear spimUe-sltajicd, thus sim- 
ulaiinj' the unit of smooth muscle 
structure, tlic associated nuclei of cn- 
vclopiiip connective tissue cells are 
tHTiphcral to the bmullc, svhereas the 
tmcleits of .snuioth muscle is of course 
niiscic cell. 



Fic 1.J0 — Striatep Moscib of a Cat Seen in Transection. 

The blood vessels liave been injected and are black in the figure. At a, an artery is contracted 
and empty The heavy black vessels are veins and arterioles ; the small black dots are capillaries 
in transection One whole fasciculus is represented and ts surrounded by a delicate perimjsium 
of connective tissue. Between the muscle fibers is the still more delicate endomysium. The 
larger vessels are almost exclusively found in the pentnysium. The section was not stained. X80. 


BLOOD SUPPLY 

The blood vessels of voluntary striped muscle distribute their larger trunks 
within the connective tissue of the epimysium. The smaller branches penetrate the 
etidomysium and supply a rich capillaiy plexus with long rectangulan meshes 
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(Fig. 139). The network of capillaries surrounds the muscle fibers so completely 
that each fiber is placed in relation with four or five capillary vessels w’hich run 
parallel with the long axis of the fiber. Krogh " estimates that a transection of 
0.5 millimeter in diameter contains about 700 parallel capillaries in relation to 
about 200 muscle fibers. He gives the number of capillaries per square millimeter 
of skeletal muscle in man as 2000. On the basis of a total muscle weight of 50 kilo- 
grams, he calculates that the total length of the capillaries in striped muscle would 
be 100,000 kilometers, two and one-half limes the distance around the earth. The 
total surface area would he 6300 square meters. The blood supply of cardiac 
muscle is in general similar, but even more abundant and intimate, ivith respect 
to its terminal meshes. The blood supply of smooth muscle is considered to be 
relatively meager. 

Numerous lymf^hafics occur in the perivascular connective tissue. These lym- 
phatic vessels are especially abundant in cardiac muscle. 

NERVE SUPPLY 

Skeletal muscle is innervated Iwth by cerebrospinal and sympathetic nerves, 
supported in the connective tissue envelopes and septa. The former include both 

sensory and motor fibers ending in 
muscle sf>i>idlcs and motor ciid'Orgatts 
rcs|y?ctively. These endings will be 
further described in Chapter VI. The 
sympathetic or accessory fibers (Fig. 
141) — relatively sparse and delicate, 
and in close relationship to the mo- 
tor fil)crs and endings-— terminate in 
special end-plates, closc-meshcd net- 
works of generally oval outline 
Bocke” suggests that they mediate 
the maintenance of muscle tone. 
Cardiac muscle is supplied only 
with s}nipathctic motor fibers. These terminate on the muscle fibers in brushes of 
fibrils, but without highly specialized endings. Sensory fibrils from the vagus are 
distributed to the cardiac endomyshtm. Each smooth muscle cell, likewise, is sup- 
plied with a sympathetic fibril, ending in minute knobs or plates 

According to Malone,** the three types of muscle are innervated by’ three 
histologically distinct types of nerve cells, representing specific functional differ- 
ences. The cells supplying heart muscle are from the standpoint of size and granular 
(chromophilic) content, intermediate between those supplying smooth and those 
supplying skeletal striped muscle. (See Fig. 150.) 

*2 Krogh, 19^2 

5^Boeke, 1913 
2* Malone, 1913 



Fic. 141.— Motor Enii-plate ov as Intercos- 
tal Muscle Fidlr of a Young Rabbit 
The motor nerve fiber tii is accompanied by an 
accessory (sympathetic) fiber, <7/ (Boeke) 
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Fic. 130.— Stkiatj-d Musclf Fidrus of thf Do*^ 


The WckkI n cssds c been ftHwl by injeciton 
with a pclatitini« nia^s and arc rcjin-<einwj in 
blacK. One wliolc fasciculus and nne r»l>cr Inm 
an adjacent fasciculus have been included 
a, iierimysitmi ; b. endoinysiiim; e, a larijc vein 
'rtn ill traiiscctioM. The section Mas mrt stained 

X53. 

in tlic center of the tnialogous structure, the 


routine hcmatoxylin-cosin technic, the 
two exhibit a slight tlilTcrcnce in 
slahiiiij: reaction. The sinootlj muscle 
ftMittnonly stains a deeper red; the 
colln/ienotjs ilhers have a lighter 
orange tinge. .Moreover, from a mor- 
phological standpoint, while |)ortions 
of the while fihrous connective tissue 
nwy apficar spindle-shajicd. thus sim- 
ulating the unit of smooth muscle 
structure, the associatcil jmclci of en- 
veloping connective lisnic celis arc 
{XTiphcra! to the Inmdle, wliereas the 
nucleus of smooth muscle is of course 
miscle eel!. 



Fio 140.— Striated Muscle or a Cat Seek ix Transectio.v. 

The blood vessels have been injecteci and are black in the figure. At a, an artery is contracted 
and empty The licavy black vessels are veins and arterioles; tlie small black dots are capillaries 
in transection One whole fasciculus is represented and is surrounded by a delicate perimysmm 
of connective tissue Between the muscle fibers is the still more delicate endomysium T^e 
larger vessels are almost exclusively found in the perimysium. The section was not stained. X8a 

BLOOD SUPPLY 

The blood vessels of voluntary striped muscle distribute their larger trunks 
within the connective tissue of the epimysium. The smaller branches penelrate the 
endoroysitim and supply a rich capillary plexus irilh long rectangulan meshes 
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division. According to Loevy the fibrils are developed from fibroblasts; tlie 
definitive tendon cells, which bound the primaiy bundles, arise from cells of Ran- 
rier. Both come from mesenchymal cells, but the fibroblasts entirely disappear, 
while the cells of Ranvier persist as the characteristic winged tendon cells. 

Ligaments, fascia and aponeuroses are very similar to tendon, but are less com- 
pact and contain more elastic tissue. 

CuriGc are epithelium-lined sacs in connection with the large diarthroses and 
certain locations where tendons are subject to friction. 



Fjc 143 



Fic. 144. 


FtG 143 — Trahsvrrsf. Sectiok o» Tr.NtxJx or Tail or Adult Mouse. 

It consists of four secondary bundles or fasciculi, sb ; I'b., primary bundle; p., epitendineum; 
c.R , tendon cell (cell of Ranvier). (After Loevy, Anat. Ans., 1913, 45:10.) 


Fig. 144 — or Muscle Fiier tkom Human Tongue. 

Showing the direct continuity between myofibrils and tendon fibrils through the terminal 
sarcolemma. Xyoo. (After J. Sobotta, Zischr. imfcr. onot. Forsch., 1924, 1:2.) 


Tendons are supplied Tvith blood vessels and sensory nerve endings, in a man- 
ner very similar to skeletal muscle. 

The exact manner of the attachment of striped muscle to tendon is still dis- 
puted. According to certain investigators,®* the myofibrils and tendon fibrils are 
directly continuous through the sarcolemma. Others®^ hold that the muscle ends 
sharply, remaining striped to its termination, and that the rounded or pointed end 
is completely enveloped by the sarcolemma. The muscle fibers are described as 
being dovetailed into the tendon, the tendon fibrils being attached to the sarco- 
lemma. This is the more commonly accepted interpretation ; but it seems probable 
that both types of muscle-tendon connections occur in different muscles for in 
certain muscles the c ross-striations become gradually more vague toward the ten- 
•* Schultze, 1912 
Baldwin, 1912. 
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TENDONS 

A tendon, taken as a whole, is invested by a dense fdiro-clastic membrane, the 
cpitendineum, or vagina fibrosa. Where tendons pl.iy in bony grooves this may Ije 
modified into a tendon sheath, the epitendineum acquiring a mucous cavity, when it 
becomes known as a vagina mucosa. Septa frran tlic epitendineum penetrate the 
mass and divide the tendon imperfectly into irregular columns, the tertiary bundles. 



Fjc. 143.— PoRTtON or A TuANSEcrtow or A Large Tendon. 

0, fibrous capsule with circular, and at b, longitudinal bundles of connective tissue; e, d, 
and e, fibrous septa between the fasciculi of the tendon ; I, lymphatic cleft. Moderately magnihed. 
(Shafer.) 

These are further divisible into more regular aggregations of fibrils, completely 
enveloped by a peritendineum, which arc the iemion fasciculi. These correspond 
to the muscle fasciculi enveloped by perimysium. In the mouse, tendons consist of 
from I to II fasciculi; in the chick from 2 to 5.” Each fasciculus consists of 
elementary bundles of collagenous fibrils, enveloped by a complete sheath formed 
by the anastomosing processes of the tendon cells (cells of Ranvier). The cell 
bodies He between these primary bundles; they are connected to' each other by 
their processes, forming an endothelial tube (Ranvier), the cells of which have a 
characteristic mesothelial appearance in silver nitrate preparations. 

In the tendons of the tail of the mouse, I-oevy describes the cells as flat, rec- 
tangular, and rhomboidal; they are parallel to -the long axis of the tendon, two 
of their surfaces extended into fiat plates or wings which effect a iinion with 
“svings” of adjacent cells A cell may have from 2 to 4 wings. The wings or plates 
have been interpreted as elastic in nature, but do not react to specific stains for 
elastic tissue. Each cell contains a spherical or oval deeply staining nucleus. The 
nuclei of pairs of cells are so placed as to be immediately adj'acent, the result of cell 


Loevy, 1913 
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division. According to t-oevy the fibrils are developed from fibroblasts; the 
definitive tendon cells, which bound the primary bundles, arise from cells of Ran- 
vier. Both come from mesenchymal cells, but the fibroblasts entirely disappear, 
while the cells of Ranvier persist as the characteristic winged tcudon cells. 

Ljfjamcnts, fascia and nponcuroici are very similar to tendon, but are less com- 
pact and contain more elastic tissue. 

Bursae are epilhelium-hned sacs in connection with the large diarthroses and 
certain locations where tendons arc subject to friction. 



Fic. X43— TuANSvtRSF. Sectioh or Tendon op Tail op Adult Mouse. 

It consists of four secondary bundles or fasciculi, sb ; p h., primary bundle; p., epitendvneum; 
c.R, tendon cell (cell of Ranvier). (After Loevy, Amt Ans . 1513, 45:10.) 

Fig 144 — Muscle Fiber ppom Hussan Tongue. 

Showing the direct continuity between myofibrils and tendon fibrils through the terminal 
sarcokmma. X700. (After J. Sobotta, Ztschr. »nt*r o«ol. Porsch., 1924, i 2.) 

Tendons are supplied with blood vessels and sensory nerve endings, in a man- 
ner very similar to skeletal muscle. 

The exact manner of the attachment of striped muscle to tendon is still dis- 
puted. According to certain investigators.’® the myofibrils and tendon fibrils are 
directly continuous through the sarcolemma. Others ” hold that the muscle ends 
sharply, remaining striped to its termination, and that the rounded or pointed end 
is completely enveloped by the sarcolemma. The muscle fibers are described as 
being dovetailed into the tendon, the tendon fibrils being attached to the sarco- 
lenima. This is the more commonly accepted interpretation; but it seems probable 
that both types of muscle-tendon connections occur in different muscles for in 
certain muscles the cross-striations become grad ually more vague toward the ten- 

Schultte, 1912. 

” Baldwin, 19:2. 
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don, and the region of transition from muscle to tendon is by no means sharply 
marked (Fig. 144). Moreover, the fact that certain ligaments and aponeuroses 
arise normally l)y transformation of muscle adds support to the idea of muscle- 
tendon continuity. 

Baldwin distinguishes two general tyjxis of muscle termination with respect 
to tendon : one in which the long axes of tendon and muscle fiber coincide ; a sec- 
ond in which they meet at an angle. In neither t^jx: docs he recognize a direct 
continuity between muscle and tendon fibrils. In the first tyjx: the sarcolcmma is 
said to present pointed ends, to which the tendon fibrils are attached; in the second, 
the sarcolemma presents a flat surface which rests directly against the attached 
structure, whether fascia, periostemn, or ligaments. Carr,-* on the basis of his 
investigation of the muscle-tendon attachment hi the striated muscle of the fetal 
pig, concludes that the chief connection between muscle fiber and tendon is by 
means of myofibrils which continue into tendon fibrils at the end of the muscle 
fiber whether the muscle attaches to the tendon obliquely or reclilincarly. Ljtu- 
phatics are abundant In tendons. 

*®Carr, 1931. 
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NERVOUS TISSUE 

Nervous tissue comprises nerve cells, ncr\*e filers and supporting neuroglia. 
In the protoplasm of nervous tissue pro|>er (nctiroplasm) the fundamental proper- 
ties of irritability and conductivity have become predominant. The nervous sys- 
tem includes the cerebrospinal— comprising the central (bram and spinal cord) 
and the peripheral (cerebral and spinal nerv'cs) portions — and the sympathetic 
divisions. For convenience we may speak also of the central and peripheral nervous 
systems, the latter including the sjmpathetic division. The essential unit of struc- 
ture, comparable to the cell of other tissues, is here the neuron, or neurocyte. A 
uettron is a nei^'e cell in the broadest sense of the term. It consists of the cell body 
(nerve cell of the older writers, cyton), together with all of its processes. These 
latter are divisible into two varieties, the axon and the dendrons (dendrites). 

The neurons are among the largest cells of the body, Their cell body is of vari- 
able size, in some cases extremely minute, at other times sufficiently large to be 
readily observed with the unaided eye. Their processes, usually of considerable 
number, vary in length from a millimeter or less, up to half the height of man. It is 
therefore obviously impossible to study microscopically at one time the entire 
course of these longer processes. This circumstance renders it advisable to retain 
the term nerve fiber of the older writers to designate, not as was the former con- 
ception, a histological entity, but rather tliat portion of those long processes of the 
nerve cell which pursues its course, as a rule, outsitle of the gray matter of the 
central portion of the cerebrospinal division. 

On this basis we may divide the neuron into the nerve cell and the nerve fiber. 
The former term includes the cell body, or cyton, with its dendrons and the pro.xi- 
mal portion of its axon; the distal portion of the axon forming the essential part 
of a long nerve fiber. The ner\'c cells are found throughout the gray matter of 
the central portion and in the peripheral ganglia of the cerebrospinal division 
and in the sympathetic ganglia. Nerve fibers occur in the white matter of the 
central portion and in the nerve trunks and ganglia of the peripheral portions 
of the nervous system. 

In the peripheral nervous system the nervous tissues are chiefly supported 
by the connective tissues, but in the central portion a special form of supporting 
tissue, the neuroglia, is also found. This is described below. 
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Fic. 14$. — Diagram of a Neuron. 


aJt , axon hillock; ajr., axon, c., 
cytoplasm, the NjssI granules have 
been stamed; rf, dendrons, in., mycim 
sheath o! the nerve fiber ; jii' , muscle 
fiber; n, nucleus, n'., nucleolus, « 0} 
n, nucleus of the neurilemma o! the 
nerve fiber, nR, node of Ranvier; 
sf, collateral, sL, segment of Lan- 
tennann ; teJ., telodendrion or terminal 
arborization which here forms a motor 
end-plate. (Barker.) 


THE NERVE DELL 

(_Cyloit, Cell fJody, Pen'fcaryou, Ganglion 
Cell) 

Tliis tenth as already stated, includes the 
cell IxKly with its dcmlron.s and the proximal 
tMrttoti of Us long axon. The cell bodies vary 
in size front 4 ft to 200 // in diameter. Their 
skape is chiefly dependent upon the numl)cr 
of their tlendritic processes. Unipolar nerve 
cells, with hut a single process, are flask- 
skaped or pyriform; bipolar cells, whose proc- 
esses arc usually derived from opposite 
extrennties, are most frequently fusiform; 
mnlti|>o1ar nerve cells, from the considerable 
mimltcr of tlieir processes, are irregularly 
stellate. 

Nucleus.— The cytoplasm of ^he cell is 
finely granular and contains a large vesicular 
nucleus winch, as a rule, is cxccntrically situ- 
ated. Tlic appearance of this large nucleus is 
quite characteristic of the nerve cell as (Its- 
tinguishetl from ihe cells of other tissue. The 
nuclear membrane is distinct and highly chro- 
matic. The content of the nucleus, however, 
except for the large spherical nucleolus which 
is quite constantly present, is noticeably de- 
ficient in chromatin. Those few small karyo- 
somes which are present are mostly adherent 
to the inner surface of the nuclear membrane. 
The achromatic nucleoplasm forms the greater 
portion of the nucleus. Occasionally the chro- 
matin forms still finer granules, and is more 
equally distributed throughout the nucleus. 

Cytoplasm. — -The finer structure of the 
cytoplasm of the nerv’e cell is the subject of 
considerable difference of opinion. The studies 
of Nissl have shown that it is divisible into a 
substance which is readily stained by methy- 
lene blue, thionin, etc. (the stainable substance 
of Nissl, tigroid of von Lenhossek), and an 


apparently homogeneous substance which is not so readily stained (the unstainable 
substance of Nissl). 
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Nissl's siibslancc, chroniophilic or tigroid substance, occurs in the form of 
flake-like granules of vailing size and irregular shape. Their disposition within 
the c}'toplasm is subject to considerable variations in different nen'e cells, but 
according to Nissl it is fairh constant in cells of the same location for any given 
species. The amount also of the chromophilic substance is subject to variation 
depending upon the functional condition of the individual. It has been shown that 
the substance is greatly diminished by 
fatigue * and after surgical shock.- How- 
ever, on the basis of a long series of care- 
fully controlled experiments with dogs, 
cats, pigeons, sparrows, frogs and rats, 

Kocher concludes that the histologic struc- 
ture of the nen’e cell following activity 
shows no constant deviation from that 
of the corresponding resting cells of the 
controls. No deviation from the normal 
uas evident even in cases of the most 
advanced fatigue.® Explanation of these 
contradictory results awaits further re- 
search. In general also, the longer the 
axon the greater the amount of chromo- 
philic substance. Chemically, it is a nuclco- 
protein. There is considerable histologic 
evidence to indicate that it has a nuclear 
origin, appearing first in the form of chro- 
midia. and it is accordingly sometimes pic 146 -A Uxipol.\r Gas-clion 

designated as cylochrouiatin. Muhlmann * Cell of a Frog. 

has shown, however, that tigroid nuclein a. cell body, b. a-xon; c, dendron. 

is soluble in weak soda solutions while XIeih>lenc blue. Highly magnified, 
nucleus nuclein is not. It has been sug- Smirnow ) 

gested (Heidenbain) that it may perhaps have an accessory nuclear function. Ac- 
cording to Held It is present as a diffuse continuous substance, coagulated in the 
form of flakes and granules m fixed tissues. It is not discernible in the living cell. 
Study of neurocytes with the freezing-drjing method of Bensley has revealed that 
the Nissl substance is actually discontinuous and actually segregated in the form of 
definite groups.® 

Those nerve cells in which the Nissl substance is abundant are said to be in 
a pyknomorphous. those in which it is scanty in an apyhwmorplious condition. 
The Nissl granules are apparently used up during functional activity of the 
nerve cell. 



* Dolly, 1914. 

*Crile, 1914. 

*Koclier, 1916 

* Muhimann, 1929 

® Bensley, R. R and Gersh, 1933. 
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The hram cells show a stronR aiTinity for adrenalin, tlic secretion of the medulla 
of the suprarenal glands; this fact ?ca<N Crilc (1914) to suspect that the Nissl sub- 
stance is a volatile, unstable combination of certain elements of the hrain cells and 
adrenalin I)ccause the suprarenal glands alone do not take the Nissl stain, and the 
brain deprived of adrenalin docs not take Nissl stain. 



Fig. 147. — Isolated Motor Neuron from Ventral Horn or Spinal Cord of Calf. 

D, dendron; N, axon; UK. axon hdtock; K, nucleus; KK, nucleolus X160 (Schaffer.) 

Nissl substance disappears in case of lesion of the neuron, but reappears in 
abundance after temporary injury and recovery of the cell. Such disappearance 
after section of the axon (axonal reaction) is accompanied by a swelling of 
the neuroplasm and the peripheral migration of the nucleus, after from ten to 
fifteen days. 

Concerning the finer structure of the unstainable substance of Nissl, com- 
paratively little is known. With varying methods of fixation this portion of the 
cytoplasm has been found to show very fine fibrils (neurofibrils), (Schultze. 
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Flemming, Apathy, Bethe) and fine acidophil granules (neurosomes of Held; 
probably mitochondria). Besides these structures there remains a homogeneous 
ground substance or hyaloplasm, which, though of extreme physiological impor- 
tance, in the usual histological preparations presents no structure. Centrosomes 




Fic. 148 — P^TIAMIDAL iCULTIPOLAR NeRVE CeLL FROM THE CeREBRAL CoRTEX OF A MoUSE. 
a. axon; d, dendrons; c, collaterals. Golgi teclimc. (Barker, after Ramon y Cajal. 

Fic. 149 — Isolated Nerve Cells from the Spinal Cord of Man. 

X, axon. Carmine. XiGo (Sobotta.) 

and attraction spheres have been frequently observed in the nerve cells of the lower 
vertebrates, and occasionally in those of mammals. 

The cj'toplasm of many nerv’c cells contains a characteristic brownish-vellovv 
pigment, whose fine granules have a tendencj’ to accumulate in the ricinity of 
the nucleus. 

■Mitochondria also have been reported in ganglion cells of the rabbit.® Cowdry* ^ 
describes granular and rod-like mitochondria in the spinal ganglion cells of a num- 
ber of vertebrates, including man. The>- are said to occur throughout the entire 
neuron, axon as "-ell as dendrons. They are regarded as fundamental constituents 

® Schirokogoroff, 1913 ' 

^Cowdry, 1914 
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of the neuroplasm. It is suggested that they arc concerned with the meta1x)Iism 
of the neurocyte. 

Neurons are incapable of division; destroyed neurons cannot be replaced; the 
axon, however, may regenerate. 



End-fibrils of other neurons have been demonstrated within the cytoplasm of 
the nerve cell. Apatliy has likewise demonstrated that fibrils occasionally pass from 
one neuron to another, so that no longer consider that a neuron, though a 
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structural unit, is in all cases anatomically independent of all other neurons. The 
present status of this much disaissed question seems to be comparable to that of 
the cell, as a histological unit of structure, which though formerly thought to exist 
independently of other cell units, has since been found to be frequently connected, 
as by the intercellular bridges of epithelium and of smooth muscle. The neurons 
of the nervous system, therefore, while being usually related to one another by 
contiguity or by contact only, may occasionally be mote directly connected by 



F:o. !5i.— A New-e Cell trom the Trarezoid Nucleus is toe Miobrais of a Rabbit. 
a, axon, b, axons of other nerve cells which terminate in relation and apparently fuse with 
the cytoplasm of the cell body; c, points of fmton or zones of concrescence; d, dendrons which 
have been cut off close to the cell body, e. neuroglia. The cytoplasm shows a neurofibrillar 
network and Nissl granules. Iron hematoxylin- Very highly magnified. (Held.) 

fibrillae, which puss from the processes of one neuron to the cell body or processes 
of a second neuron (Apathy, Bethe)» or by “concrescence,” described by Held. 

The nerve cells are surrounded by a narrow inteiwal which separates them 
from the surrounding tissue. This is presumably a lymphatic or tissue fluid space. 
Holmgren has demonstrated also the presence, within the ctdoplasm of the nerve 
cell, of minute canalicuU which form an intracellular network, more abundant 
near the surface of the cell, and wWcU he has termed jnke canaliculi, or tropho- 
spongium. These canalicuU may possibly account for the peculiar intracellular 
network which Golgi has demonstrated in the perjpher)’ of the nert'e cell, by a 
modification of his rapid silver impregnation method. 

The processes of the nerve cell are of two varieties; the one, broad, granular, 
and rapidly dividing in the vicinity of the cell body into a number of branching 
subdivisions, is the gendron; the other, long, slender, and finely but distinctly 
fibrillar, arises from the cell body direct, or from the base of a dendroii, and 
passing for a considerable distance from the cell body, finally enters the nerve 
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of the iieuroplasm. It is sugRcslcd tliat they are concerned witli the metalwlism 
of the uevwocytc. 

Neurons arc incapable of division; destroyed neurons cannot be replaced; the 
axon, however, may regenerate. 



End-fibrils of other neurons have been demonstrated within the cytoplasm of 
the nerve cell. Apathy has likewise demonstrated that fibrils occasionally pass from 
one neuron to another, so that we no longer consider that a neuron, though a 
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due to the clustering along their borders ot minute lateral projections, the gcm- 

The terminal filaments of the dendronic arborization are frequently in relation 
with the cell bodies or axons of other neurons. This is called a syimf'Sc. 



Fig. 154 — Gold Cfu., Type I. 
c, collaterals; n, axon Golgi’s Stain. (KbUikcr.) 


Dcndrons are ccllulipetal or afferent processes, transmitting impulses to the 
cyton. 

The Axon {Nettraxis, Neuraxon, Neurilc, Axis Cylinder Process). — This 
process, in contradistinction to the dendron, is long and slender, as a rule does 
not arborize near its parent cell body, is of smooth and regular contour in Golgi 
preparations, and contains no chromophilic substance. It arises from the cell 
body, or less frequently from the base ot a dendron, by a conical, clear area, 
the axoji hillock or implantation cone, which, like the process itself, is devoid 
of chromophilic granules. It consists of a bundle of delicate neurofibrils ' (axon 
fibrils) embedded in a,^roy>/a^III. During early developmental stages the fibrils in- 
crease in number by a splitting of preexisting fibrils. 

At some little distance from the parent cell body the axon gives off very 
fine lateral branches, the collaterals, which leave the parent stem at the nodes of 
Ranvier at nearly right angles. These delicate branches, as also the axon proper, 
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fiber as ifs axis cylinder, or tenninales in rclalion lo some distant nerve cell. 
Tliis latter process is tlic a.x-on. Each cell body usually possesses a single axon 
and several dendrons. Cells without an axon 



A cell showing internal reticular ap- 
paratus of Golgi B. showing neurc^ 
fibrils, d, axon. Silver nitrate method 
for ncurofibrils. (Cajal.) 


are found in the retina and in the olfactory 
bulb; except for these, all ncn'c cells in the 
hotly of man possess an axon and usually hut 
one such process. The subdivision of nerve 
cclU into uni-, bi», and multi-polar cells is 
chiefly Imscd upon the number of their den- 
drons. 

Dendrons (Dendrites, PretopJaswie Proc- 
esses ^. — ^Tbc dendrons of a ncr\-e cell vary 
from one to a considerable number. They arise 
from the cell l>otly by a broad stem, am! quickiy 
break into branches which can be traced for 



Fic. I5J— lfrTJlACELLW.AR CaN- 
Aucutt (Tuopnospoxciujr or 
Holmcben) witnm a Spinai. 

Gaxcvios Celu 
(Holmgren.) 

a considerable distance — in fact, the arboriza- 
tionof the dendrons is usually so extensive 
lliat it can be followed for only a short por- 
tion of its course. Occasionally dendrons do 
not branch until they have arrived at a con- 
siderable distance from their parent cell body. 

The structure of the dendron is, to all ap- 
pearances, similar to that of the cell body. 
The chromophiJ/c substance is continued for 
some distance into the arborizinff dendrons, 
which often possess a finely fibrillar appear- 
ance. In Golgi-stained preparations the den- 
drons frequently present a thorny appearance, 
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The cells of Type I possess a long axon which passes beyond the confines of 
the gray matter in which it arises and usually becomes the axis cylinder of a 
nerve fiber. 

The cells of Type II possess a short axon which forms its terminal arboriza- 
tion in the vicinity of its parent cell body. The cells of this type are usually 
association and commissural neurons; they phee in conduction relation other not 
very remote neurons. The cells of T\-pe I, on the other hand, are more frequently 
projection neurons ; they are distributed from the nerve centers to other and 
perhaps very different tissues, their courses King in the long projection tracts and 
nerve trunks of the nervous system. 

The cells of Type II are therefore most frequently intrinsic or endogenous 
neurons, their whole course l}ing in one division of the central nen'ous system, 
e.g., the gray matter of the spinal cord. The cells of Type I are more frequently 
extrinsic or exogenous; they arise in one part of the nervous system to be dis- 
tributed to a distant portion, e.g., they arise in the peripheral ganglia and. enter 
the spinal cord to terminate in its gray matter, or vice versa. 

The size of a nerve cell is thought to bear a general relation to the length 
of its axon, the larger cells possessing the longer axons. The cells of Golgi’s 
Type I are therefore larger than those of Type II. Likewise the cells of the motor 
tracts, whose axons are as a rule much longer than those of the sensory tracts, 
are characterized by their large size as compared with the sensory cells, 

THE NERVE FIBER 

The origin of the nerve fiber and its relation to the other portions of the 
neuron will be appreciated by tracing the course of the axon of a motor nerve 
cell of the ventral horn of gray matter in the spinal cord. This process, arising in 
the central gray matter, is at first a naked axon. It soon leaves the gray matter 
to traverse the white matter and makes its exit from the spinal cord as the axis 
cylinder of one of the fibers of a ventral nerve root. On leaving the gray matter 
the axon acquires a cylindrical sheath of myelin substance, the medullary sheath 
myelin sheath, or xvhitc substance of Schxeann. 

On entering the ventral nerve root, which lies outside of the white matter 
of the spinal cord, the axon receives an epithelioid membranous sheath the 
neurilemma or nucleated sheath of Sclnvann. The axon retains these two sheath' 
until near its termination, when the sheaths suddenly stop, the axon becoming 
again naked as it breaks into terminal fibrils. 

Not all nerve fibers are medullated, nor do they all possess a neurilemma. 
The axons of the central nervous system are not supplied with a neurilemma 
until they pierce the meninges to enter the nerve roots. Those of the gray matter 
also have no appreciable medullary sheath. The axons of the peripheral nerve 
trunks and ganglia are all supplied with a neurilemma except at their terminals 
as already explained. Yet some of the peripheral axons have a medullarj' sheath' 
while others have none. An axon with its enveloping sheaths constitutes a nerve 
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finally terminate by a sudden end arborization, or Iclodcndrion, by which each 
axon is placed in relation with a large number of neurons, or a considerable area 
of surface. The iclodcndrion may terminate in minute knobs or plates, the 
nenropodia. The tclodendrion is structurally apparently an efficient mechanism for 
mediating the phenomenon of axon reflex (I^angley). The iKirent stem of the 



axon hiay be finally exhausted in its collaterals, or it may in turn end in a 
terminal arborization. Collaterals are said to be more frequent in the proximal 
than in the distal portion of the axon. The axon transmits impulses away from 
the cell body ; it is a celltiliftigal or efferent process. 

According to the length of their axons, neurons are divided by Golgi into two 
tj-pes: Golgi cells. Type I (Deiters’ cells) and Golgi cells. Type II (Golgi’s cells). 
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The cells of Type I possess a long axon which passes beyond the confines of 
the gray matter in which it arises and usually becomes the axis cylinder of a 
nerve fiber. 

The cells of Type II possess a short axon which forms its terminal arboriza- 
tion in the vicinity of its parent cell body. The cells of this type are usually 
assodalioii and commissural ucttrous; they place in conduction relation other not 
very remote neurons. The cells of T\*pe I, on the other hand, are more frequently 
projection neurons ; they are distributed from the nerve centers to other and 
perhaps very different tissues, their courses lying in the long projection tracts and 
nerve trunks of the nervous system. 

The cells of Type II are therefore most frequently intrinsic or endogenous 
neurons, their whole course lying in otic division of the central nervous system, 
c.g., the gray matter of the spinal cord. The cells of Type I are more frequently 
extrinsic or exogenous ; they arise in one part of the nervous system to be dis- 
tributed to a distant portion, c.g., they arise in the peripheral ganglia and enter 
the spinal cord to terminate in its gray matter, or vice versa. 

The size of a nerve cell is thought to bear a general relation to the length 
of its axon, the larger cells possessing the longer axons. The cells of Golgi's 
Type I are therefore larger than those of Type II. Likewise the cells of the motor 
tracts, whose axons are as a rule much longer than those of the sensory tracts, 
are characterized by their large size as compared with the sensory cells. 

THE NERVE FIBER 

The origin of the nerve fiber and its relation to the other portions of the 
neuron will be appreciated by tracing the course of the axon of a motor nerve 
cell of the ventral horn of gray matter in the spinal cord. This process, arising in 
the central gray matter, is at first a naked axon. It soon leaves the gray matter 
to traverse the white matter and makes its exit from the spinal cord as the axis 
cylinder of one of the fibers of a ventral nerve root. On leaving the gray matter 
the axon acquires a cylindrical sheath of myelin substance, the medullary sheath, 
myelin sheath, or white substance of Schwann. 

On entering the ventral nerve root, which lies outside of the white matter 
of the spinal cord, the axon receives an epithelioid membranous sheath, the 
neurilemma or nucleated sheath of Schwann. The axon retains these two sheaths 
until near its termination, when the sheaths suddenly stop, the axon becoming 
again naked as it breaks into terminal fibrils. 

Not all nerve fibers are medullated, nor do they all possess a neurilemma. 
The axons of the central nervous system are not supplied with a neurilemma 
until they pierce the meninges to enter the nerve roots. Those of the gray matter 
also have no appreciable medullary sheath. The axons of the peripheral nerve 
trunks and ganglia are all supplied with a neurilemma except at their terminals 
as already explained. Yet some of the peripheral axons have a medullary sheath’ 
while others have none. An axon with its enveloping sheaths constitutes a nerve 
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finally terminate by a sn<l<len end arborhalion, or tdodendrion, by wbicli each 
axon is placed in relation with a large number of neurons, or a considerable area 
of surface. The telotlcndrion may termiuate in minute knobs or plates, the 
imirot'odk. The tclodcndrian is structurally apparently an cfKcicnt tncclianism for 
mediating the phenomenon of axon reflex (Langley). The |>arent stem of tfte 



axon tnay be finally exhausted in its collaterals, or it may in turn end in a 
terminal arborization. Collaterals arc said to be more frequent in the proximal 
than in the distal portion of the axon. The axon transmits inipulses away from 
the cell body ; it is a ccllulifugol or efferent process. 

According to the length of them axons, neurons are divided by Golgi into two 
types: Golgi cells. Type I (Deiters’ cells) and Golgi cells. Type II (Golgi’s cells). 
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maximxim effect of stfraulation favors the view iXvat the neuroplasm is the essential 
conducting substance. 

Tashiro® has demonstrated that a living nerve gives off a definite amount of 
carbon dioxide, and that when the ner\'e is stimulated the amount of carbon 
dioxide production is increased. He conceives of the propagation of nerve impulses 
as a chemical change, the propagation being in essence a restoration of equilibrium 
in the ner\e fiber disturbed at the point of contact. 

The axis cylinder is. under certain conditions at least, found to be inclosed 
by an extremely delicate membrane, the axoletnma of Kiihne. The existence of 
this membrane as an integral part of a living axis cylinder has been denied by 
others. It may he simply a fixation artifact. 

The Myelin Shcalh (White Substance of Schxi'ann, Medullary Sheath ). — ^The 
myelin sheath forms a cylindrical investment for the axis cylinder. Medullated 
fibers vary greatly in diameter according to the amount of myelin present. It 
appears to be retained in position by the neurilemma, for when the latter is rup- 
tured the myelin exudes in the form of myelin drops. The wyclin thus obtained 
possesses the physical properties of a fat. It is also capable of being blackened 
by osmium tetroxide. By extraction with ether the myelin can be removed, leaving 
behind a supporting framework of ncurokcratin. The function of myelin is prob- 
ably nvitritive, though it has been regarded as an insulating substance. It is thouglit 
to be present in small amounts even in so-called amyelinated fibers. It seems reason- 
able to suppose that it may have a double function, that is, nutritive and in part 
insulating 

At frequent intervals in the course of the nerve fiber its myelin sheath suffers 
complete interruption, thus forming the annular constrictions or nodes of Ranx’icr. 
At these points the neurilemma dips in until it is in contact with the axis cylinder. 
Both the axis cylinder and the neurilemma are continued past the node without 
interruption. 

The successive nodes of Ranrier divide the nerve fiber into intcrnodal segments, 
^^'^ithin each internodal segment the myehn sheath, on blackening with osmium 
tetroxide, presents clear intervals which penetrate the myelin in such manner as 
to give the appearance of obliquely disposed clear lines or incisions. These incisures 
of Schmidt (Schmidt-Lantermann lines) have not been satisfactorily explained 
and cannot be demonstrated in the intact living fiber, yet they present a constant 
form, may be demonstrated in fresh material, and are always present in osmic 
preparations They occur only in myelinated fibers with a neurilemma. These in- 
cisures subdivide the interannular segments of the myelin sheath into nivr/i»i 
segments. Schmidt originally considered them to be the optical expression of folds 
m the outer fibrous coats. Lantermann and others claim to have shown that they 
are within the neurilemma. They are believed by others to represent the limits of 
cones of neurokeratin The incisures may point in different directions. Bito 
claims that they consist of protein material in contra st with the adjacent lipoid 

* Tashiro, 1913. 

Bito, 192G 
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fiber, and upon the presence or absence of these shcatlis nerve fibers may be 
classified as follows: 

A. Myelinated nerve fillers / ^ neurilemma 

|2. Without a neurilemma 

3. With a neurilemma 

4. Without a ncurifemma — alemmal 

Myelinated Nerve Fibers with a NeurHcmma. — Nearly ;ill the ncr\'c fibers 
of the cerebrospinal nerve trunks ami ganglia and some of those of the sympa- 
thetic nerves arc of this type. These nen'c fibers consist essentially of three 
cylindrical structures: the axis cylittder, which is the continuation of the axon 
of a nerve cell, and which forms the central portion or core of the nerve fiber; 
the vieduUary (myelin) shcalh, which fonns a hollow cylinder inclosing the axis 
cylinder, and which sufTers frequent interruptions, as will lie described ; and the 
neurilemma, which is an extremely thin Investing sheath forming an uninter- 
rupted envelope from tlie point where the nerve fiber leaves the central nervous 
system to a point near the end of the filicr Where the axis cylinder breaks into 
its terminal fibrils. To these structures an investing sheath of connective tissue, 
the sheath of Hcule, is sometimes added. It is derived from the connective tissue 
endonextrimn in which the nerve fillers are embedded. It serves to support the 
capillary hlood'vesscls destined for the supply of the nerve fibers. 

The /Ixis Cylinder. — ^Thc axis cylinder presents a finely fibrillar structure. 
The nature of these fibrils is not well understood. They are apparently continuous 
with the neurofibrillar network of the cell body. 

In certain nerve fibers of the lower animals these fibrils hav’e a tendency 
to collect into the center of the axis cylinder, leaving a peripheral clear zone; 
this distribution is especially characteristic of those fibers which are not supplied 
with a myelin sheath In mammals, however, the fibrillae occupy a larger portion 
of the axis cylinder, the clear peripheral area being correspondingly diminished 
until in man it can scarcely be recognized. The fibrils of the lower animals are 
also coarser. 

Apathy, studying chiefly the lower animals, has considered these ultimate 
fibrillae to be > the conducting element of the nerve fiber. Others, however, lay 
greater stress upon the intervening clear portion, the neiiroplasm of Schieffer- 
decker or axoplasm, as containing the active conducting substance of the fiber 
This is also the view of Parker,® who concludes further that the neurofibrils are 
the parts of the neuron especially concerned with the metabolism of its more dis- 
tant parts, and not with the conduction of nerve impulses. According to this inter- 
pretation nerve fibrils are trophic elements. 

According to Verworn, Lenhossek and R. Goldschmidt, these elementary 
fibrillae (axon fibrils) in the axis cylinder are nothing else than skeletal sub- 
stance for the support of the semifluid neuroplasm. The circumstance that many 
of the fibrils of an axis cylinder may be sectioned without diminution of the 


B. Unmyelinated nerve ( 
fibers 


8 Parker, 1929- 
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myelin, and he ascribes to them a nutritive function. They are more probably 
artifacts, representing fractures in the delicate myelin sheaths. 

In preparation of fresh nerve fibers which liave been treated witli silver nitrate 
according to the method of Ranvier, the solution is found to enter the fiber most 
readily at the nodes of Ranvier, so that if blackened by exposure to the sunlight, 
minute like appearances are seen at each node. By prolonged maceration in 
weak solutions of silver nitrate the solution penetrates still farther and the black- 
ened axis cylinder is found to possess spiral transverse markings which are quite 
characteristic. The true meaning of these appearances has not been satisfactorily 
explained. Because of the apparent greater permeability of the fiber at these points, 
these peculiarities have been taken 
to indicate a certain relation of the 
annular constrictions to the nutrition 
of the fiber. 

The Neurilemma {Nucleated 
Shcaih of Schwaim ). — The neuri- 
lemma is the outermost of the nerve 
fiber sheaths. It is of ectodermal 
origin and makes its appearance 
prior to the myelin sheath It forms 
a very delicate membrane, which 
incloses the myelin substance, and 
at each node of Ranvier comes into 
contact with the axis cylinder 

Attached to the inner surface 
of the neurilemma in each inter- 
node, and usually but one for each 
internodal segment, is an oval nu- 
cleus. The nucleus is surrounded 
by a minute amount of finely gran- 
ular cytoplasm. This structure is 
taken to indicate that the embryonal 
neurilemma is formed by cells (Icmmocyies) which became spread out over the 
surface of the primitive fiber, one cell, as a rule, supplying each internodal segment ; 
and its nucleus with a minute amount of undifferentiated protoplasm is, according 
to this hypothesis, considered to remain as a permanent part of the neurilemma. 

Myelinated Kerve Fibers without, a Neurilemma. — This type of nerve fiber 
composes the white matter of the central nervous system. The axis cylinder does 
not, of course, differ in the least from those of the previous variety and will need 
no further description 

The myelin sheath also is similar in its finer structure to that of the previous 
type, but since no neurilemma is present, these fibers possess no nodes of Ranvier. 
The myelin sheath of the fibers found in the white matter of the brain and spinal 
cord IS therefore uninterrupted Its surface is in direct contact with the neuroglia 



Fjc. i6a — C ross-section of tiif. Trunk of the 
Human Vagus Nerve, Some Distance Below 
THE Nodose Ganglion, Showing Myelinated 
AND Unmyelinated Fibers. 

Pyridine silver. X680 (Ranson.) 




Ffc 156 — XIvfxi.VATEn Fioers 
rROM THE Nervus Iscumdj- 
cus OF THE Frog, Treated 

WITH t PER CENT SOLUTION OF 

Osmium Tetroxide. 

A, lower titagnificafion ( X70), 
showing one complete internodal 
segment of a length of about 200 
microns. B. higher magnsficatjon 
( X 500), showing Schmidt-Lan- 
termann inctsures (/) SR, node 
of Ranvier. K, nticleus of neu- 
rifetnma (N)l M, myelini N, 
axis cylinder, (Schaffer.) 



Fig. IS 7 -— SCIfMJDT-LANTFRMANN IncJSUHFS. 


Ftmr varblioits following different methods of 
preservation and staining. //. axis cyiimfer; 
E, incisure; Ji}S, myelin sheath. (Blh?) 



Fjc. J 5 &-- a Gbcw* of Large 

Mvet.lNATF& FicEBS fROM A 
Nb*\E IV THE pERnRACllEAt 
A«fOI.AR Tissue Of THE CaT. 
Axt axil cylinder; Nk, tieuro* 
Iceraiio framevtork* Nt, neurilem- 
ma cei! and nucleus; M, mychn 
sheath; N, ncurilenuna, Xiooo. 



Fic i59~Crqss and Loscitudinal 
Seerw-KS or rat Same Ftwicuius. 
<y) unmyelinated nerve fibers (turned 
up at the left), showing the perineurium 
(P) and the relation of the neurilemma 
nuclei to the axis cylinder bundles of 
neurofibnls. From the peritracheal areolar 
tissue of the cat. XiSOO. 

*30 


THE NERVE FIBER 133 

of origin for its nutrition. Each nucleus therefore becomes the trophic center for 
the fiber tract to which it gives origin. 

It may be readily demonstrated that if any such group of axons be cut or 
othenvise separated from its trophic center, that tract will promptly degenerate. 
If these axons happen to be the axis cylinders of medullated nerve fibers, as is 
often the case, their myelin sheaths become rapidly altered in composition and 
acquire a tendency to disintegrate into small globular granules, which stain deeply 
with osmic acid when used according to the method of Marchi. For the experi- 
mental demonstration of this form of partial cell death occurring in that portion 
of the neuron which has been cut off from its cell of origin, we were originally 
indebted to the eminent English physiologist Waller; the resulting changes are 
therefore called tefl/Zman degeneration. 



Fig i6r — Traxsectiov of the Sfinal Coro of an Embrvo Chick. 
c. rad aut , axons to the v eniral roots ; c. rad. post , axons to the dorsal roots ; col, collateral 
from an axon back to the gray matter; gg. dorsal root ganglion; rac. ant., ventral root; rae. 
post., dorsal root, (van Gehuchten ) 

Obviously that portion of a neuron or of a fiber tract which, after injury or 
disease involving its path, still retains its connection with its cell body or trophic 
center, will not degenerate. This part of the neuron is called its central portion, 
in contradistinction to its distal portion, the latter of which has been severed 
from its trophic center and is consequently degenerated. The degeneration follow- 
ing section of a myelinated nen’e involves also the central end to the point of the 
first node of Ranvier, occasionally to a point several nodes be>ond the first. 

The histologic difference between dendrons and axon imposes on the neuron 
a sharp structural and functional polarity. The latter is correlated with the fact 
expressed in Sherrington's law of forward direction, that the nervous impulse 
passes across the area of contiguity between dendron and axon (the synapse) in 
vertebrates only in one direction, that is from axon to dendron. 

The entire central nervous system contains a fundamental meshwork of deli- 
cate unmyelinated fibrils, the so-called neuropil. In certain localized portions of 
the spinal cord and brain the neuropil is relatively denser and enters into the 
composition of the so-called reticular formations. 
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network, wlncli iorws iJjc supporting tissue of these organs, the innermost layer 
being condensed into a membrane which simulates a neurilemma. These fibers are 
accompanied by sheath cells, homologucs of the neurilemma cells of other fibers, 
which aid in the formation and maintenance of the myelin. 

Unmyelinated Nerve Fibers with a Neurilemma {Sywl^alhelic Nen’t Pibers, 
Remak's Fibers ). — Most of the fibers of the sympathetic division arc of this type. 
The axis cylinder does not differ from that of the previous types. The myelin 
sheath is entirely absent or, at most, only slightly developed in these fibers. The 
neurilemma is perhaps incomplete at times, hut cxhil)its frequent nuclei along the 
course of the fiber. The neurilemma nuclei appear to be embedded in the superficial 
portion of the axis cylinder. Fibers of this type arc of quite frequent occurrence 
also in the cerebral (cephalic; cranial) ncr\'cs of the cerebrospinal division. Other 
cerebrospinal nerve fil)ers lose their m3‘elm sheath and finally also their neurilemma 
prior to their termination. 

The work of Ranson “ has shown that even in the typical mj-elinated spinal 
and cerebral nerves unmyelinated fillers are very abundant. In the ^ugus of the dog, 
for example, the unmyelinated fibers actually preponderate below the diaphragm. 
Ranson states that of these no considerable portion can be of sj-mpathctic origin 
and that only a few represent mcdullatcd fibers which have lost their myelin 
distally. 

The unmyelinated fibers of the vagus are said to comprise both afferent 
and efferent fibers, the former arising from cells in the ganglia (jugular and 
nodose) connected with the vagus nerve. The spinal nerves also are shown to 
contain more unmyelinated tlian myelinated fibers.** 

Unmyelinated Nerve Fibers without a Neurilemma. — ^These fibers are naked 
axis cylinders and as such are found at the cytoproximal end of the axon in the 
gray matter of the central nervous system, and at tlie cytodistal end prior to the 
termination of the axon in its arborization of terminal fibrils. In man nerve fibers 
are of this type throughout their entire course only in the olfactory nerves. 

All portions of the neuron, its axon and collaterals as well as its dendrons, are 
dependent upon the cell body for nutrition; hence each nerve cell becomes the 
so-called trophic center for all of its processes. 

The entire nervous system may be considered as an enormous tangle, formed 
by the interlacing processes of an innumerable number of neurons whose complex 
fiber paths place all portions of the body in communication with all other portions. 

Nerve cells are unequally distributed throughout the central division of the 
nervous system; they therefore occur in more or less distinct groups or mtefet, 
from each cell of which an axon is frequently distributed along the same path. 
The larger bundles thus formed are called funiculi, fasciculi, or fiber bundles; 
the smaller ones, tracts. 

Since each fiber of such a tract is dependent for nutrition upon the nerve 
cell from which it arises, the tract as a whole must depend upon its nucleus 


11 Ranson, 19I4- 

12 Ranson, 1911. 
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small cells with large and deeply staining nuclei. In the small glia cells the cyto- 
plasm is so slight as to form scarcely more tlian a mere rim about the nucleus; 
in the larger cells the c\toplasm is more abundant and the processes larger and 
more numerous. The presence of cytoplasmic processes gives the cell an irregularly 
stellate appearance. In Golgi’s preparations these processes cannot be distinguished 
from the dense network of glia fibers with which they arc surrounded. 



Fig. 163— Portion of Gray Substance from the Anterior Horn of tiif. Spin.m Cord of 
^ Man, Showing Nf.rve Cell Bodies, Dendrons, Myelinated and Unmyelinated Por- 
tions OF Axons, and Neuroglia. 

^ (Weigert-Pal stain.) 


The Glia Fibers. — The glia fibers comprise numerous filiform fibrils which 
occur as a dense network around the glia cells, from which they radiate in all 
directions. They pass alongside of, over, or under the glia cells; their filaments 
have even been described as passing entirely through the cytoplasm of the cell. 
Nevertheless they appear at all points to be anatomically distinct from the cell body. 

The relation of the gha cells to the fibers of neuroglia is perhaps comparable 
to the arrangement in fibrous or reticular tissue. The fibers of each of these 
tissues appear to be ontogeneticahy derived either directly or indirectly from its 
cells, yet when fully formed they often exist as anatomically distinct elements. 

Occurrence of Neuroglia.— Neuroglia cells and fibers occur in both gray and 
white matter of the central nervous system, though perhaps more abundant in 
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Both the gray and tlic white matter of the central nen'ous system contain a 
peculiar supporting or intcrslifi'al tissue, the ncurofjUa, which consists of two ele- 
ments, the c;}}a rrJJs and ffUo fibers. Tlw litter arc very prohihly jirodaced by (he 
glia cells, of which they \vcrc fomjcrly considered to he processes. They consist 
of a substance similar to, perhaps identi- 
cal with, the ncurohcralin framework of 
wydin. 

The QHa Cells.— The glia cells as 
seen ill Golgi preparations, arc divisible 
into two distinct t)pes, tlic ependyma cells 
and the astrocytes (ffliocyles). 

The ependyma cells may he considered 
as uiiditTcrcntiatcd relics of the embryonal 
cells, from which both glia and true 
ncn'c'of ]i^inglion cells were developed. 
These cells line the central canal of the 
spinal cord ami the ventricles of the 
brain, in which latter organ they also 
form the covering or outer coat of the 
tclae choroideac. 

The ependyma consists of long nu- 
cleated columnar cells whose free cnrls, 
in fetal and early life, carrj* a tuft of 
cilia; in adult life they are usually nonciliated. The attaclicd ends of these cells 
are embedded in the surrounding gelatinous tissue, and are frequently prolonged 
for some distance as a fine branched process. In this way the epcndjiua of the 
spinal cord enters into the formation of the central gelatinous substance, in which 
the branched processes of its cells ramify in a gJia-h'ke manner. In the fetus the 
filamentous processes extend from the central canal all the U’ay to the periphery 
of the spinal cord, In the adult the ependyma cells are prone to multiply so as 
almost to occlude the central canal ; their processes have apparently become shorter, 
and now reach the surface of the spinal cord only at its dorsal median sulcus. 

The astrocytes, when stained by the Golgi method, apparently consist of a 
small cell body and an innumerable number of long slender processes. Two NTirieties 
of these cells are recognized; the spider cell or long-rayed astrocyte, with a small 
cell body and very many exceptionally Jong and slender processes; and the mossy 
cells or short-rayed astrocytes, whose processes are sliorter and somewhat thicker 
but decidedly more varicose than those of the long-rayed type 

Investigations by means of the staining methods of Weigert, Mallory, and 
Benda, have demonstrated that the astrocytes, as seen in the Golgi preparations, 
probably include two distinct structures, the glia cells and the glia fibers. 

Gh'o cells, as seen in sections prepared according to these methods, appear as 



Fic. 163— Transpctjon of tuk Spinal Coro 
OF A CuJLD, Ftrru Lumbar Secmext. 
The central H-shaped gray subitancc con- 
sists of nerve ecH bodies, dondrons, unmyel- 
inated portions of axons, and neurogliar sup- 
porting tissue Tlie enveloping white sub- 
stance consists of myelinated axons supported 
by neuroglia. Wcigcrt stain. X?. 
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the latter. The fibers radiate for considerable distances from tlicir glia cells, 
and thus form a supporting tissue- for the nerve elements. They are frequently 
in intimate relation with the blood vessels, on tlic walls of which many of the 




Fig 166— a Lono*ra\fr Astrocvtf. 
Golgi's stain Highly magnified (Berkley) 


glia filjers, particularly the thicker or mossy vartety, terminate in expanded plates, 
which, in some parts, form an almost complete outer membranous coat of the vessel. 

The astrocytes are ontogenetic derivatives of the embryonic ependyma cells. 
From their point of origin around the neural canal 
they wander to all portions of tlie central nervous 
system, and even into the optic and olfactory tracts, 
which are embryonic outgrowths from the fetal 
cerebral vesicles Thus neuroglia occurs throughout 
the brain and spinal cord, and also in the olfactory 
nerves, the optic chiasm, and the retina of the adult. 

The supporting tissues of the central nervous 
system include, besides the neuroglia, numerous 
hands of trabeculae of fibrous connective tissue, 
which push inward from the pia mater, carrying 
with them the vascular branches for the supply of 
the nerv-ous tissues, and which penetrate deeply 
into the substances of the spinal cord and brain. 

On the basis of an improved staining technic for neuroglia, Del Rio-Hortega 
(1919) proposed a new terminology, Tlihs tennmology is now in general use. It 
applies in part to newly revealed elements of the neuroglia, in part to the well- 
recognized astrocytes The matter may be summarized as follows: 

I. Astroglia (Macroglia) j '' astrocytes 

^ ^ ' I 2 Fibrous astrocytes 

II. Oligodendroglia (olioglia) 
in. Microglia (mesoglia) 



FlC. 1G7. — A SnORT-RAYED 
Astrocyte, or Mossy Cell. 

Golgi's stain. Highly magni- 
fied. (Berkley.) 



The dark oval bo<l!es are cross-cut axis cylimlers; the surrouiKlitift liftht halos represent 
the mychij sheatli. The coarser trabeculae arc c<M>»ecin’c tissue, continuous svith the finer 
neuroglia framcuorfe. fWcfgcrt-ral stain.) 



Fjc. 165. — Neurociia r«oM the Spinal Cobo of a Fetal P^o. 

The portion above shows the result of the Golgi stain; below, that of a hematein and Congo 
red stain, a, inner layer of neuroglia, adjonring the central canal; b, boundary betsv«et\ we 
. ,1-1 1-- n— -r — t ... •»_ tissue; ep, ependyma; «*, mantle layer; 

• . ' raphe; p, pia mater; r, radial filaments 

»3t> 
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Fig. 170 — A5troc\tes. 

^ \-»rtcostiies the clio^amcs. Several x*rc>c«ss<s are 

A, fibrous variety. Tlie , ^ „„ 3 blood \«sel. S, prowitlasmic rariely. \v!tli 

sho, 1,1 endins m e-VI«nsions(l*”y'»«';' 
gliosomes and perivascular feet. (Paifield »ud Cone.) 

prises small neuroglia cells with onh a feu- sltor. 

cteUpi^ratus. and centrosome. they are like the astrocy tes. Ohogha ts dtv.sible 
hm fSrrfcttWjha (sheath cells) occurring in the 

oC cells form incomplete she.aths tor the myehn; /rrutetro, ,.l ro/rlht. a fo™ ng 

incomplete sheaths tor the neurocytes of tin. 

matter and pcrhvsctilar salcllllcs, cells 
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FiC. 171 — OUCODENnBOGLIA. 


FiC 1 / 2 . 


^ ..tell.te rell. This variety, of stellate form, occurs as periiieuriiiial Elia in the gray matter. 
B. interfascienlar cHigodendroglia. This variety occurs in the Millie matter of the brain and cord. 
(Penfttld and Cone.) 

Fig. 172.— Transection of the Sciatic Nerve of a Dog. 

The fat cells and the nijelin sheaths of the nerve fibers Iiave been Maeltened by osmium 
tetro.vide a fat cells It !•'. blood vessels, that at h’ lies Milliin a luniculiis; r. cpiiieuriuiii; 
d, perineuriiimt e coarser bands of the endoneurium. Osmium tetro.vide. Plmto. X30. 
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The microglia (Fig. 169) arc perhaps not strictly glia cells. They are thought 
to originate from mesoderm introduced with the pia mater covering in>-ading 
blood vessels, and to function ns macrophages. However, the cxjKiriments of Har\cy 

and Ilurr" show that at least in the 
salamander the i)ia mater arises from 
neural crest cells, hence ectodermal in 
origin like astroglia and olioglia. 

The proioplastmc astrocytes are 
l.irgc stellate elements with extensively 
branching nonfibrous processes (Fig. 
i/OB). Thc.se cells corres[X)nd to the 
mossy neuroglia cells of the earlier 
Icnninology. The processes are cliarac- 
Icrircd by numerous small spheroidal 
swellings caused by the presence of 
granules. These granules occur also in 
the main body of the cell and consti- 
tute the gliosomcs. According to one in- 
terpretation tlicy represent mitochon- 
dria; they arc also interpreted as secre- 
tion granules. A Golgi apparatus may 
be demonstrated in young astrocj’tcs, 
appearing as a small juxtanuclear net 
in the base of the largest process. A 
centrosome also Is demonstrable. The 
protoplasnuc astrocj'tes are practically 
restricted to the gray matter of the brain and spinal cord. One or several of the 
processes may attach themselves by a terminal expansion, the perivascular foot 
(podic), to blood vessels. 

Fibrous astrocytes are the long-rayed “spider” 
cells of the older terminology. The processes are 
longer, stnughter and less numerous than those 
of the protoplasmic astrocytes Certain processes 
may end in fibrous peri\*ascular feet (Fig. 170A). 

The cytoplasm contains gliosomes, a centrosome, 
and, in young cells, a Golgi apparatus. The chief 
differential character of these cells concerns the 
presence of numerous glia fibers. The fibers occur 
both within the cytoplasm, where Ih^ originate, 
and secondarily to some extent extracellularly. 

Cajal recognized also a rare mired tyl>e of astro- 
cyte, with both protoplasmic and fibrous processes. 

Oligodendrogha (olioglia of Hortega) com- 



Fic. 169 — Microclu. 

These cells are of mesodermal 
origin and constitute the macro- 
phages of the brain and cord. 
(Penfield and Cone.) Two neuro- 
cytes and one microglia cell are 
shown. 



Fjo. ifiS— N euboclia Cell with Adjacent 
Fibers from the Pineal Bony of a 
Yearling Siiffp. Xisoo 


** Harvey and Burr, 1924 
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Nerve trunks frequently branch, the branches being fomxecl either by an indi- 
Wdual funiculus or by groups of funiciiH. In the smaller nerve tninks the funtcuH 
are further subdivided. It is by anastomosis of the funiculi tint most of the nen*e 
plexuses are formed. Individual ner\-e fibers of the myelinated t}pe do not gen- 
erally branch except in those portions which arc naked axis cylinders, ivr.. at llie 
cj-toproximal portion of the axon by means of collaterals, and at the cUodistal 
portion by means of end arlwrizations. Occasionally also collaterals arise at a node 
of Ranvier. 

Vascular Supply. — The nerve trunks are well supplied with blood zrsscls. The 
larger of these are founti in the cpincuriimi. and from them brandies of consider- 
able size enter the septa to be distributed throughout the perineurium to the funtciili. 



Fic. IT4 — Area of Gassermw GAircLio.v of .Man Xi20o 


The coarser septa of the endoneunum contain minute arterioles and venules. A 
capillary network with elongated meshes occupies the finer divisions of the cudo- 
neunum, its vessels being thus brought into contact with the nerve fibers. 

Perivascular lymphatic vessels abound in the epincurium and its septa, and 
l>-mphatic tissue spaces are found throughout the connective tissue of the nerve 
trunk. Where the cerebrospinal nerve trunks penetrate the meninges these lymphatic 
vessels are said to be continuous with the similar vessels of the dura mater. 

Minute nei^-e fiber bundles, 7iervi wert'orimi, are also found in the epincurium; 
their fibers are mostly, if not entirely, distnbuted to the blood vessels. 
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attached to Wood vessels both in the while and gray matter. Certain myelinated 
fibers of the cord, with fairly complete sheaths of olioglia, may show typical 

incisures of Schmidt. In terms of this 
classification the neurilemma of the 
peripheral nerves and the nucleated 
capsule of the cell bodies of the 
cerebrospinal ganglia consist of oli- 
gotlcndroglia, 

Epcmiymal cells, under this 
classification, arc regarded as 
spotighblasis (gli'oblasls), serving 
as ancestors of astrocj'tes. 

NERVE TRUNKS 

Structure, — The ner\’e fibers of 
the peripheral nervous system are 
united into bundles to form the 
nerve trunks or nerves. Each ner\'e 
is surrounded by a heavj' connec- 
tive tissue sheath, the cphteuriitui, 
which sends trabecula-like septa into 
the nerve. These septa subdivide the 
nerve trunk into smaller bundles of 
nej^’e fibers, the funiculi. The fu- 
niculus forms a compact bundle of 
nerve fibers, and is in turn invested 
with a sheath of dense connective 
tissue, tile pcn'ncuriinn. Hence the 
perineurium stands in the same re- 
lation to the funiculus as does the 
epineurium to the whole nerve 
trunk. 

From the inner surface of the 
perineurium, septa pass into the fu- 
niculus and break up to form a fine 
connective tissue framework, the 
eKrfoin?MrTKJ«, for the support of the 
individual nerve fibers. On separat- 
ing the fibers of a funiculus with 
needles a .portion of this fibrous 
endoneurium remains adherent to the surface of the nerve fiber and gives the 
appearance of an outermost fibrous sheath, the so-called connective tissue sheath 
of Henle. 



Fig. 173 — Diagram or the Origin an» Kelatio.vs 

OF THE PrkIPKERAL MoTOR AND SeNSORY NEUbONS. 

A cylindrical section of the spinal cord, with its 
ventral and dorsal nerve roots, is shown a, nerve 
cell of the ventral horn whose axon passes through 
the ventral nerve root, b, to its peripheral termina- 
tion, c; at d is a unipolar sensory nerve cell in the 
dorsal root ganglion; its process immediately divides 
into a peripheral and a central branch. The central 
branch enters the spinal cord and at e divides into 
an ascending, /, and a descending, g, branch from 
both of which numerous collaterals, Ji, enter the 
gray matter and terminate in fine end-brushes. The 
peripheral branch of the spinal ganglion cell enters 
a spinal nerve and finds its way to its termination 
which is here represented in the skin ; it terminates 
partly by free endings among the einthelial cells, i, 
and partly in connection with a sensory end-organ, 
k, in this case a tactile corpuscle of Meissner, (von 
Lenhossek.) 
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Nerve trunks frequently branch, the branches being formed either by an indi- 
vidual funiculus or by groups of funicuH. In the smaller nerve trunks the funiculi 
are further subdivided. It is by anastomosis of the funiculi that most of the ner\’e 
plexuses are formed. Individual ner\’e fibers of the mjelinated type do not gen- 
erally branch except in those portions which are naked axis cylinders, vis., at the 
cytoproximal portion of the axon by means of collaterals, and at the cUodistal 
portion by means of end arborizations. Occasionally also collaterals arise at a node 
of Ranvier. 

Vascular Supply. — The nerve trunks are well supplied with blood vessels. The 
larger of these are found in the cpincurium. and from them branches of consider- 
able size enter the septa to be distributed throughout the perineurium to the funiculi. 



Fig. 174 — Area of Gasserian Ganglion of Man. Xizoo. 


The coarser septa of the endoneurium contain minute arterioles and venules. A 
capillary network with elongated meshes occupies the finer divisions of the endo- 
neunum, its vessels being thus brought into contact with the nerve fibers. 

Perivascular lymphatic vessels aboimd in the epineurium and its septa, and 
lymphatic tissue spaces are found throughout the connective tissue of the ner\’e 
trunk Where the cerebrospinal nerve trunks penetrate the meninges these lymphatic 
vessels are said to be continuous with the similar vessels of the dura mater 

Mmute ncTO fiber bundles, uervi nervorum, are also found in the epineurium • 
their fibers are mostly, if not entirely, distributed to the blood vessels * 
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attached to blood vessels both in the white and gray matter. Certain myelinated 
fibers of the cord, with fairly complete sheaths of olioglia, may show typical 

iticisurcs of ScJimidt. In tenns of this 
classification the neurilemma of the 
peripheral nerves and the nucleated 
capsule of the cell bo<lics of the 
cerebrospinal ganglia consist of oli- 
godcndroglla. 

Ependymal cells, under this 
classification, are regarded as 
spongioblasts (glhblasls), serving 
as ancestors of astrocytes. 

NERVE TRUNKS 

Structure.— -The nerve fibers of 
the })eripheral nervous system are 
united into bundles to fomj the 
nerve trunks or nerves. Each nerv-e 
is surrounded by a heavy connec- 
tive tissue sheath, the epineiirium, 
which sends trabecula-like septa into 
the nerve. These septa subdivide the 
nerv'e trunk into smaller bundles of 
nerve fibers, the funiculi. The fu- 
nieiiliis forms a compact bundle of 
nerve fibers, and is in turn invested 
with a sheath of dense connective 
tissue, the perineurium. Hence the 
perineurium stands in the same re- 
lation to the funiculus as does the 
epineurium to the whole nerve 
trunk. 

From the inner surface of the 
perineurium, septa pass into the fu- 
niculus and break up to form a fine 
connective tissue framework, the 
cttdoneitrium, for the support of the 
individual nerve fibers. On separat- 
ing the fibers of a funiculus with 
needles a portion of this fibrous 
endoneurium remains adherent to the surface of the nerve fiber and gives the 
appearance of an outermost fibrous sheath, the so-called connective tissue sheath 
of Henle. 



Fic t73 —Diagram of the Orioin and Relatio.ss 
or THE Pemipheral Motor and Sensory Neurons. 

A cylindrical section of the spinai cord, with its 
ventral and dorsal nerve roots, is shown, a. nerve 
cell of the ventral horn whose axon passes througli 
the ventral nerve root, b, to its peripheral termina- 
tion, c; at d IS a unipolar sensory nerve cell in the 


both of which numerous collaterals, h, enter the 
gray matter and terminate in fine end-brushes. The 
peripheral branch of the spinal ganglion cell enters 
a spiral nerve and finds its way to its termination 
which IS here represented in the skin; it terminates 
partly by free endings among the epithelial cells, {, 
and partly in connection with a sensory end-organ, 
k, in this case a tactile corpuscle of Meissner, (von 
Lenhossek.) 
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In the '^rangHa of the acoustic nerve the primitive bipolar condition of tlie 


neuron is retaitied : and the cell body is not surrounded by a capsule. 

The nerve cells of all other |:janglia arc surrounded by a capsule of flat 
epithelioid cells which fonn a complete investment for the ner^-e cell and its 


processes, being continuous with the 
neurilemma. The capsule is not, how- 
ever, as a rule, closely applied to the 
cell, but leaves a narrow inter\*al which 
is occupied by lymph or “tissue juice.” 
The capsule and the neurilemma repre- 
sent neuroglia (oligodendroglia). 

In their stnicture the ganglionic 
neurons do not appear to differ in any 
^^'ay from other neurons. The l.arge 
vesicular nucleus wth its distinct nu- 
cleolus readily distinguishes these cells 
from those of neighboring tissues. 

The studies of the ganglion cells by 
Dogiel, Ranvier, and Cajal have done 
much to explain the relations of tliese 
cells to each other, especially in the 
S}Tnpathetic system, where they were 
formerly but little understood. In the 
spinal ganglia Dogiel describes two 
tj-pes of ganglion cells: (i) a unipolar 
cell in which the axon is thick and fre- 
quently proximally convoluted and. 
after branching in T-shape fashion, 
passes out of the ganglion to become 
the axis cylinder of a myelinated ner\'e 
fiber, and (2) cells with a slender axon 
which breaks up within the ganglion 
and whose terminal arborizations form 
a pericapsular ple-xus around the cell 
capsule ; from this plexus fine end 
branches penetrate the capsule to form 
a pericellular arborization about the 
nerve cell itself. The cells of this latter 
ty^pe suggest association neurons ^vithin 





Fig 177, — Schematic Retresextatjox or the 
Relations of the Stkucturfs CoMrostso a 
Spinal G\nclion. 

amt D, Aentral and dorsal spinal nerve 
roots; C. a spinal nene; D and £. its ventral 
•ami dorsal dhisions; P, its ramus coinnuinicans. 
a. nene cells of tlie first t>pe, uliose axons 
divide and form the axis cjlinder of a peripheral 
and a central nerve fiber; b. nene celU of the 
second t>pe, whose axons, n, end in a felt-work 
about the cells of the first tjpe; s. sympathetic 
nen-e fi^rs which terminate in a basket-work 
about the cell bodies of the second type of 
ganglion cells (Dogiel.) 


the ganglion. Nerve fibers from the sympathetic ganglia also enter the spin.'il ganglia 
and form pericellular arborizations about the cells of the second type. Dogiel found 
also that multipolar ganglion cells occur in the spinal ganglia of the adult as well 
as of the embryo. 

^Dogiel, 189^ 
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OAHOLIA 

A ganglion may be dcscriljcd as a group of itcrvc cells occurring in the course 
of a peripheral nerve trunk. The largest of the ganglia form fusiform su'cllings 
in the course of the nerve, which arc visible to the naked eye. The smallest, on 
the other hand, contain not more than lialf a dozen nerve cells, and these must 
be sought with the aid of the microscope and can only be found by the most 
careful observation. 

Whatever may be their size, all ganglia apjwar to luve a similar stnicture, 
except for those difi'crcnccs which cliaraciertzc the sympatlietic as distinguished 
from the cerebrospinal tyjKi. The essential elements 
of structure arc the nerve cells, nerve ril>ers, and a 
supjwrting framework of rather dense fibro-elastic 
comicctive tissue. 




Fic. 175 

Fic. 175. — Tbanstorjiation of Bifolar Ceixs into UNIP01.AR Cetts in the Gasserian 
Ganglion of the Pic. 

(Darker, after van Gehuchten.) , 

Fic 176 — Ganglion Cell and Nl'cleaifd Capsule from Gasserian Ganglion 
OP Man Xtkxj. 


Many of the nerve cells of 'the adult mammal are unipolar in the cerebro- 
spinal ganglia, but are usually multipolar in the sympathetic. The spinal ganglia 
of the lower vertebrates and of the embiyo mammal, hoivever, contain bipolar 
ganglion cells. In mammals the two processes of the cmbo’onal neuron fuse to 
form a single one which branches in a Y- or T-like manner soon after leaving the 
parent cell body. 
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or less extensively forming the fenestrated variety of cells. The axon, prior to 
its division, may split at one or several points, for longer or shorter distances, into 
two or many portions, and reunite again into a single fiber; rarely also the axon 
may have two or more points of origin, prolrably the result of fusions of collaterals 
with the cell body. These more complex atypical forms are said to predominate 
in man. Ranson regards them to some extent at least as transient modifications, 
which may return to the simpler unipolar condition. Nageottc ” has suggested 
that the phenomena of end-disks and fenestrations signify regenerative activity. 
They are relatively more abundant in regenerating transplanted ganglia. But they 
are abundant also in pathological ganglia, and in fetal ganglia.'* No conclusive 
evidence has yet been presented that these modified forms signify functional 
derangement. A variable small number of the neurons of the ganglia, especially 
in the sympathetic ganglia adjoining the urinary bladder, are nniltinucleatcd.*® 


SYMPATHETIC DIVISION OP THE NERVOUS SYSTEM 

The sympathetic division of the nervous system consists anatomically of three 
sets of ganglia : ( 1 ) the ganghonated cords (sym|iathctic trunks ; vertebral ganglia) 5 
(2) the prevertebral plexuses ; and (3) the visceral or terminal plexuses, including 
chiefly the myenteric and submucous plexuses of the alimentary canal. The ganglia 
of the ganghonated cords arc segmcntally arranged, and interconnected transversely 
(caudaily) and longitudinally by plexuses of unmyelinated fibers. They arc con- 
nected also with the spinal nerves by the while and gray rami communicaiUcs. 
Homologous ganglia in the head region, less definitely related to the cerebral nerves, 
are the ciliary, sphenopalatine, submaxHlary, sublingual, parotid and otic ganglia. 
The prevertebral plexuses develop from nonscgmcntally arranged primordia which 
originate as outgrowths at certain levels of the early ganghonated cord. These 
plexuses contain fewer and smaller cells, with a preponderance of fibers, c.g., car- 
diac, celiac (semilunar; solar), hyiMjgabtric and pelvic plexuses. The myenteric and 
submucous plexuses arc located in the muscle and submucous layers respectively 
of the esophagus, stomach and intestines. Here the cells arc still smaller and less 
numerous than in the prevertebral plexuses, and the fiber-network is less dense. 
A plexus is a network of nerve fibers with few cells; where the nerve cells are 
relatively abundant, the plexus is known as a ganglion. The embryonal cells (neuro- 
blasts) which develop into Sympathetic neuions have migrated from the neural 
crest, and in part from the ventral wall, of the primitive spinal cord.*® Jones in- 
terprets the experimental evidence from chick embryos as favoring the view “that 
the source of most, if not all, of the ncuroblasts that form the sympathetic trunks 
is the neural tube.”*^ 

Ranson, 1914 

Nageotte, 1907. 

Huber, 1913 

>9 Beaton, Holmes and Windle, 1939 

29 Raven, 1937. 

S' Jones, 1937. 
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The faler studies of Cajal (1905), DoBiel (1908), and Ratison (1912) have 
revealed a third distinct tyiie of cell fornicrl}- a]iparciitly ittclitdcd under DoRkl's 
Type I ; smaJfer, pyriform, unipolar cells with uimiyclmalctl axon, rarely convoluted 
dividing into a central and a peripheral branch, the exact tcrmiraiions of wiiich 
are unknown; but having .according to Hanson" .apparcmly the s.amc distribution 
as the coarser niyehuated fibers of Tyjic I. and probably alTcreiit in nature. In cat 
and rat Ranson estimates the mimlicr of tliesc cells at uvo-tbirds that of the tonal 
number. These are the cells vvbicb conlribttlo the bulk of the very vuwctous 



Fig i“8. — Common At^ticai., Tiioucii ProhaW-Y Nosmai., NEaVE Csxt^ FaoM Tire Spivac 
Gakclwv of the Doc. 

a ani} O, cells \Mlh coilateral; cotling m eiul-biribs, c, a multipolar cell; <f and e, fenestrated 
cells. (Ranson.) 

unmyelinated irbers of the spinal nerr’es, only a small portion of which are believed 
ta arise in sympathetic gangha. 

With the exception of relatively few cells of hi- and multipolar form, all of 
the nerve cells of the spinal ganglia are unipolar in the adult coadstion. In the 
case of the larger cells, the myelinated axon before leaving the capsule is more or 
less extensively convoluted over the cell body forming in the extreme condition 
a so-called “glomerulus.” These same cells are variously modified by the presence 
of short, coarse and fine intra- and cxtracapsular processes (both dendrons and 
collaterals) frequently terminating m “endKlisks.” Such pro cesses may- fuse more 
Ranson, t^n. 
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or less extensively forming the fenestrated ^’ancty of cells. The axon, prior to 
its division, may split at one or several points, for longer or shorter distances, into 
two or many portions, and reunite again into a single fiber; rarely also the axon 
may have two or more points of origin, probably the result of fusions of collaterals 
with the cell body. These more complex atj'pical forms are said to predominate 
in man. Ranson regards them to some extent at least as transient modifications, 
which may return to the simpler unipolar condition. Nageotte has suggested 
that the phenomena of end-disks and fenestrations signify regenerative activity. 
They are relatively more ahundant in regenerating transplanted ganglia. But they 
are abundant also in pathological ganglia, and in fetal ganglia.** No conclusive 
evidence has yet been presente<l that these modified forms signify functional 
derangement A variable small number of the neurons of the ganglia, especially 
in the sympathetic ganglia adjoining the urinary bladder, are multinucleated.*® 


SYMPATHETIC DIVISION OF THE NERVOUS SYSTEM 

The sympathetic division of the nervous system consists anatomically of three 
sets of ganglia : ( i ) the ganglionated cords (sympathetic trunks ; vertebral ganglia) ; 
(2) the prevertebral plexuses; and (3) the visceral or terminal plexuses, including 
chiefly the myenteric and submucous plexuses of the alimentary canal. The ganglia 
of the ganglionated cords arc segmentally arranged, and interconnected transversely 
(caudally) and longitudinally by plexuses of unmyelinated fibers. They arc con- 
nected also with the spinal nerves by the while and gray rami commxnncautes. 
Homologous ganglia in the head region, less definitely related to the cerebral nerves, 
are the ciliary, sphenopalatine, submaxillary, sublingual, parotid and otic ganglia. 
The prevertebral plexuses develop from nonscgmcntally arranged pn'mordia which 
originate as outgrowths at certain levels of the early ganglionated cord. These 
plexuses contain fewer and smaller cells, with a prepomlerance of fibers, e.g,, car- 
diac. celiac (semilunar; solar), hypogastric and pelvic plexuses. The myenteric and 
submucous plexuses are located in the muscle and submucous layers respectively 
of the esophagus, stomach and intestines. Here the cells are still smaller and less 
numerous than in the prevertebral plexuses, and the fiber-network is less dense. 
A plexus IS a network of nerve fibers wth few cells ; where the nerve cells are 
relatively abundant, the plexus is known as a ganglion. The embryonal cells (neuro- 
blasts) which develop into Sympathetic neuions have migrated from the neural 
crest, and m part from the ventral wall, of the primitive spinal cord.^''’ Jones in- 
terprets the experimental evidence from chick embryos as favoring the view “that 
the source of most, if not all, of the neuroblasts tliat form the sympathetic trunks 
is the neural tube ” ’ 

Ranson, 1914 

Nageotte, 1907 

Huber, 1913 

Beaton, Holmes and Windle, 1939 
2® Raven, 1937. 

Jones, 1937. 
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The later studies of Cajal (1905). Docid {1908), and Ranson (1912) have 
revealed a third distinct ty|ie of cell formerfy apirarcntly included under Dogicl’s 
Type I : smaller, pyriform, unipolar cells with unmyelinated axon, rarely convoluted 
dividing into a central and a iieriphcral hranch. the exact terminations of which 
arc unknown ; hut having according to Kaiwoti ’» apparently tlic same distrifnition 
as tlie coarser myclinatal filters of Tyjic f, and prolrahly afferem in nature. In cat 
and rat Ranson estimates the ttunilter of these cells at two-thirds that of the total 
miraher. These arc the cells which contrihulo the bulk of the very numerous 



Fig 178 — CoMMOx Atytical, though Probably Kosmal, Kervc Cells rbom the Spixal 
Cakclion op the Doc. 

a and cdLs wuli collaterals ending in ciid-l>ulbs; r, a niu}ti]>o}ar cell; rf and c, fenestrated 
cells (Ranson ) 

unmyelinated fibers of the spinal nerves, only a small portion of whicli are believed 
to arise in sympathetic gat^ha 

W'ith the exception of relatively few cells of hi- and ntultipoJar form,- all of 
the nerve cells of the spinal ganglia are unipolar in the adult condition. In the 
case of the larger cells, the myelinated axon before leaving the capsule is more or 
less extensively convoluted over the cell body forming in the extreme condition 
a so-called “glomerulus,” These same cells are variously modified by the presence 
of short, coarse and fine intra- and extracapsuSar processes (both dendrons and 
collaterals) frequently t erminating in “end-disks,” Such processes may fuse more 

IS Ranson, 1911. 



SYMPATHETIC DIVISION OF THE NERVOUS SYSTEM 14; 

In the sympaUiclic (or autonomic) ganglia Dogiel-' likewise recognized two 
cell types, in general smaller than those of the spinal ganglia: (i) small multipolar 
fusiform or stellate nerve cells with 5 to 20'dendrons and an axon which enters 
the nerve trunks as an unmyelinated fiber, hut may later acquire a thin myeUii 
sheath — motor neurons; (2) larger spheroidal nerv'c cells with i to 16 dendrons 
and a single axon which also enters the nerve trunk as an unmyelinated nen-G 
fiber, but may later acquire a very thin medullary sheath, per- 
haps sensory neurons. The dendrons of the second type are 
distinguished from those of the first by being very long and 
slender and also by entering the nerve trunks, to pass, pre- 
sumably, to neighboring ganglia. The dendrons of the first cell 
type on the other hand, are shorter, thicker, and end in relattott 
with other cells within the same ganglion. Girpenter and Conel 
report also intermediate types in the cal. 

In certain rodents (rabbit and guinea-pig) many of the 
neurons of the vertebral and prevertehral autonomic ganglia 
are binucleate.-* 

The ganglionic cell group is excentrically placed as regards 
the axis of the nerve trunk, some funiculi apparently passing 
the ganglion without being in any way connected with its nerve 
cells. 

The sympathetic differ from the cerebrospinal ganglia 
chiefly in the relative preponderance of unmyelinated nerve 
fibers in the former and of the myelinated type in the latter, 
just as the cerebrospinal ganglia receive a few unmyelinated 
sympathetic fibers, so also the sympathetic ganglia receive, 
through the medium of the white ramt coininum’caHtes, a cer- 
tain number of meduUated nerve fibers from the cerebrospinal 
system. Moreover, with the intense staining method of Weigert, 
very thin myelin sheaths may now be demonstrated where 
formerly they were not suspected. 

The sensory and motor neurons of the cerebrospinal division 
show characteristic differences in their chromophiUc substance. 

In the cerebral and spinal ganglia the cell bwlies of the sensory neurons contain 
fine Nissl granules evenly distributed throughout the cytoplasm. The motor cell 
bodies from the spinal cord contain fewer and much larger chromophilic flakes. 
The sympathetic neurons likewise present a characteristic and constant appear- 
ance: the chromophilic granules are intermediate in size and generally massed 
toward the periphery. 

The ganglia are supplied with blood vessels and lymphatic vessels in a manner 
simitar to the nerve trunks in whose course they occur. 

The earlier conception of the nervous system interpre ted the nerve fiber (axon) 

-» Dogiel, 1896. “ 

Carpenter and Conel. 1914 





F:c. 180.— Tur 

SpftOUTlKC OF AN 
Axo.v DV A Keu- 
ROBLASTTROXI THE 
Spinal Coud of 
A Frog Ewbryo. 
From a live 
specimen grown 
in lymph; the cell 
body is filled with 
yolk granules; the 
protoplasmic proc- 
ess (axonl is of 
hyaline appearance 
and undergoes ame- 
boid moi'ements. 
(Harrison.) 
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Langley employs the term “autonomic nervous system” (involuntary or vege- 
tative nervous system) for all that portion of the peripheral nervous system not 
included among the cerebrospinal ncr\*cs, commonly designated as the "sympathetic 
system.” This comprises four components; (i) the syvil>allictic proper, including 
the autonomic fibers arising from the thoracicoUimbar regions of the spinal cord, 
together witli the associated vertebral ganglia and their postganglionic neurons; 
(2) sacral autonomic, preganglionic fibers included in the roots of the second, third 
and fourth sacral nerves, together with the associated postganglionic neurons; (3) 



Fig 179. — Sympatiictic Neurons 

A, in myenteric plexus, ileum of cat; B and C, in myenteric plexus, ileum of dog; D, B, F, 
in submucous plexus, ileum of dog; a, axon. A corresponds to Dogiel's Type I, a motor neuron ; 
B and C correspond to Dogiel’s Type II, protebly sensory neurons. (Kuntz.) 

tranial autonomic, a group of fibers arising from the midbrain and tlie medulla 
(this component is separated from the sympathetic proper by the whole extent 
of the cervical region of the spinal cord, which region lacks white rami com- 
municantes) ; (4) enteric, including the myenteric and submucous plexuses of the 
digestive tube. Langley proposes also the term “parasympathetic” to designate the 
sacral and cranial autonomic fibers, since in many parts of the body they overlap 
the distribution of the sympathetic proper. 


22 Langley, 1921. 
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In the sympalhctk (or autonomic) ganglia Dogiel likewise recognized two 
cell tj’pes, in general smaller than those of the spinal ganglia : C t ) small multipolar 
fusiform or stellate nerve cells with 5 to ao’dcndrons and an axon which enters 
the nerve trunks as an untnyelinatcd fil)cr, hut may later acquire a thin m>elin 
sheath — motor neurons; (2) larger spheroidal nef\'c cells with i to 16 dcndrons 
and a single axon which also enters the nerve tn.ink as an unmyelinated ner\-c 
fiber, but ma}- later acquire a ver^- thin medullary sheath, per- 
haps sensory neurons. The dendrons of the second type are 
distinguished from those of the first by being very long and 
slender and also by entering the nerve trunks, to pass, pre- 
sumably, to neighboring ganglia. The dendrons of the first cell 
type on the other hand, are shorter, thicker, and end in relation 
with other cells within the same ganglion. Girpenter and Conel 
report also intermediate types in the cat. 

In certain rodents (rabbit and guinea-pig) many of the 
neurons of the vertebral and prevertcbral autonomic ganglia 
are binucleate 

The ganglionic cell group is excenlrically placed as regards 
the axis of the nerve trunk, some funicuU apparently passing 
the ganglion without being in any way connected with its nerve 
cells. 

The sympathetic differ from the cerebrospinal ganglia 
chiefly in the relative preponderance of unmyelinated nerve 
fibers m the former and of the myelinated type in the latter, 
just as the cerebrospinal ganglia receive a few unmyelinated 
sympathetic fibers, so also the s>mpathelic ganglia receive, 
through the medium of the white romj coiiimHiiicanfcr, a cer- 
tain number of medullated nerve fibers from the cerebrospinal 
system x^Ioreover. with the intense staining method of Weigert, 
very thin myelin sheaths may now be demonstrated where 
formerly they were not suspected. 

The sensory and motor neurons of the cerebrospinal division 
show characteristic differences in their chromophilic substance. 

In the cerebral and spinal ganglia the cell botlies of the sensory neurons contain 
fine Nissl granules evenly distributed throughout the cytoplasm. The motor cell 
bodies from the spinal cord contain fewer and much larger chromophilic flakes. 
The sympathetic neurons likewse present a characteristic and constant appear- 
ance; the chtomophiUc granules are intermediate in size and genemlly massed 
toward the periphery. 

The ganglia are supplied with blood vessels and lymphatic vessels in a manner 
similar to the nerve trunks in whose course tliey occur. 

The earlier conception of the nervous system interpreted the nerve fiber (axon) 
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Fic. 180.— The 
Sproutixo of ax 
Axox BY A Neu- 

RDBLAST FROM TllF 

SpiNAt Com of 
A Frog EMfiRvo. 
From a live 
specimen grown 
in lymph; the cell 
body is filled with 
yolk granules; the 
protoplasmic proc- 
ess (axon) is of 
hyaline appearance 
and undergoes ame- 
boid movements. 
(Harrison ) 


-’Dogiel, i 8 fX 5 . 

’‘Carpenter and Conel, 1914 



m8 nervous tissue 

as tlie fusion product of a chain of cells cxtciMling from ils proximal to its distal 
end. TJje axis cylinder fibrils were rcganlal as difrcrcniiation products of the 
cytoplasm (Schwann; Apathy; ei ai). The view which now prevails interprets 
the axon ns the outgrowth of the cell Iwly to which it is attaclicd (His; Cajal; 
ct al). The tissue culture work of Harrison-* and otlicrs has cstablishctl the 
outgrowth view upon a firm liasis of observational data. Jly growing small pieces 
of the embryonic spinal cord of frogs in lyinpli. Harrison could obscr\'c the ceils 
sprouting an axon process (Figs. i8o. iSt). He dcscrilies the lieginning of a nerve 
fiber as an outflow of hyaline jsrotoplasm from cells which Averc situated within 
the centra! nervous system. The experiments of Harrison upon frog lan-ac demon- 
strate further tliat the slieath cells of the neuri- 
lemma of motor and sensory filx:rs hate their 
origin in the ganglionic crest, being therefore 
cciodeniMl, and that they are unessential to' the 
fonnation of the fibrils of the axis cylinder, 
lie excised the dorsal half of the cord, includ- 
ing tlic neural crest, and observed titat in such 
larvae the fibers of the motor roots did not ac- 
<iuirc sheath cells. On tlw contrary, when he 
excised the ventral half of the cord, dorsal root 
fibers developed normally with a neurilemma, 
hut the sheath cells which migrated to the loca- 
tion where tl« ventral fibers normally appear 
were unable to produce these fibers in the ab- 
sence of neurobiasts in the ventral half of the 
cord. Raven,*® on the basis of xenoplastic 
transplantation experiments with urodele larvae 
(Triton taeniatus X axolotl), claims that the 
sheath cells arc derived exclusively {rom the 
ventral part of the neural tube. 

The influence which guides the nerve along 
its proper path is apparently exerted by the 
tissue whicK is to be innert'ated. The essential 
factors comprising this influence are obscure; 
they may be of a chemotropic nature. It must 
be emphasized, however, that the eonneetjon between a particular nerve and its tissue 
terminal is made relatively early, that is, while the two elements are still spatially 
relatively closely associated. Probably meclianical stimuli, inducing thigmotropic 
reactions, also play an Important role in determining the path of a nerv'e fiber. The 
earlier relations are of course modified during growth; the definitive relation 
between nerve and end-organ is acquired by mutual adjustment. Harrison has 



Fw iSi — The Sprouting of as 
Axon ft*! a NeuroblaST from 
THE SpiNAi Cord or a Frog 
Embryo 

Two views of the same nerve 
fiber, grown in lymph, taken 
twenty-five minutes apart. {Harri- 
son.) 


Harrison, 1908. 
5 ® Raven, 1937 
5 t Harrison, 1914 
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contributed further experimental exndence in support of the view that the growing 
axon is guided through a stereotropic response. . 

By cultivating sjmpathctic neurons from pieces of the intestine of the embryo 
chick in saline solutions, W. H. and Margaret R. Lewis have been able to 
demonstrate that here also the fibers arise as outgrowths of nerve cells. 

NEURON THEORY 

The work of Harrison, the Lewises. Speidcl and many others, including 
both experimental and morphological investigations, leave no further doubt of 
the accuracy of the Neurone Theory of Walde3'er (1891), which applies the cell 
theory of Schleiden and Schwann (1838-39) to the nervous system. It holds that 
the unit of structure is the neuron (neurocyte), consisting of cell body (cyton) 
and processes, including one axon, and one or several dendrons. The ncrv'ous 
system consists, accordingly, of innumerable associated neurons. Neurons arise 
each from a single embryonic cell, the neuroblast, retain their independence through- 
out life, and make connection with each other in general only by contact, which, 
however, is sufficiently intimate to insure functional continuity. A neuron exhibits 
a structural and functional polarity ; and constitutes a trophic unit for the main- 
tenance of whose metabolic activity a nucleus is necessary. 

Further confirmation of the outgrowth interpretation as opposed to that of 
autogenesis of the axon has been furnished by the experiments of Clark*® on the 
domestic fowl. By prolonged exclusive feeding of polished rice he induced degen- 
eration in the peripheral myelinated nerves. On return to an adequately nutritive 
diet regeneration, accompanied by a return to normal locomotion and function, 
followed. The material thus gave opportunity for a microscopic study of the steps 
in the nerve degeneration and regeneration. When the degenerative process had not 
been excessively prolonged a new axis cylinder grew down the old myelin sheath, 
which returned to normal ; when greatly prolonged the myelin disappeared and 
the nuclei of the neurilemma multiplied, giving an appearance very similar to that 
of embryonic nerve fibers (bandfasern stage), Clark concludes that the function 
of these excessive sheath cells is the removal of the degenerating myelin. The 
new myelm sheath is the product of joint influence of the new axis cylinder and 
the neurilemma cells, as demonstrated by the recent work of Speldel on living 
frog tadpoles.®^ 

Mitochondria of granular and rod forms are abundant in neuroblasts. Itleves Dues- 
berg and others have claimed that these differentiate into neurofibrils. The work of 
Cowdry “ on chick embrj’os proves the untenability of this view. Cowdry showed tiiat 
the neurofibnls arise as a differentiation of the ground substance of the neuroblast • and 
that mitochondria persist m undiminish ed numbers throughout the period of neurofibril 

28 Lewis, W H and Lewis, M. K, 1912. 

28 Speidel, 1932. 

88 Clark, 1914 
Speidel, 1932. 

*2Co\vdr>’, 1914 
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development. Moreover, it is now known that mitochondria are present also in adult 
neurons Tliey are apparently fundamental cytoptasiinc constituents of a nietaholically 
active cell. 

Spinal {'•'toRlion cells of certain adult mammals (cat and rabbit) liavc Itcen kept 
alive in tissue cultures for as lonp as twenty <Uys..” The cells remain apparently normal, 
augment their amount of chromophilic su1)stnncc, produce new ncurofibrils, develop short 
processes with end-plates (neuropotlta) and liecoinc fenestrated, but do not proliferate. 

SpeidcP’ lias watclrcd directly the entire process of nerve growth and cnsbeatliment 
in the transparent tail fin of living frog tadpoles. The earliest nerve fibers grow outward 
as naked sprouts, each provided with an antcitoid ffrotvlh cotie at the lip. Later ibe 
neurilemma sheath cells move along these, multiply by mitosis, and take up Ibetr stations 
at intervals. They form dir .jbular neurilemma. Tlicy aid in the formation of the mjelin 
sheath. The myelin sheath is laid down in segments through the cooperative activity of 
the sheath cell and the a.>:on. Each segment corresponds genetically to the zone of influ- 
ence of one sheath cell. 

In the brain and spinal cord ocatr in variable numbers peculiar irregular cells, 
resembling small neurogliar astrocytes in the usual preparations. These cells, the 
so-called microglia, or Ilortcga cells,** differ from the neuroglia cells in that they 
originate from mesoderm (pta mater; adventitia of blood vessels) and function 
as macrophages. They constitute the monocytes of the central nerv’ous system, and 
assume great importance in certain pathological conditions. They are known also 
as nie.rog/ia. 


Minea, 1914 
«* Spcidel, 1933, 1933. 

<9 Del Rio Hortega, 1919. 



CHAPTER VI 


PERIPHERAL NERVE TERMINATIONS: END-ORGANS 

All peripheral nerve fibers end either as terminal fibrils or in relation to a 
highly specialized end-organ. The function of these latter bodies is apparently 
included in the changing of ordinary' stimuli — mechanical, thermal, chemical, etc. — 
into a nerve impulse, or, vice versa, the changing of a nerve impulse to a cell 
stimulus which results in motion, secretion, etc., according to the nature of the 
tissue cells which are thus stimulated. Some of the nerve end-organs are con- 
nected with efferent (motor) fibers, others with afferent (sensory) fibers. Nerve 
endings are found m nearly all the tissues of the body with the exception of car- 
tilage and the calcareous tissue of the bones. 

NERVE ENDINGS IN EPITHELIUM 

Intra-epithelial nerve fibrils are derived from the nerve fiber plexuses in the 
subjacent connective tissue ; the epithelium usually receives a very abundant nerve 
supply. The following tyi>es of intra-cpi- 
thelial nerve endings have to be considered. 

End-fihrils, — This form of nerve ter- 
mination has been demonstrated in all the 
varieties of epithelium. Terminal nerve 
fibers enter the epithelial tissue as naked 
fibrils, often somewhat varicose, which 
form a delicate plexus between the epi- 
thelial cells. The terminal fibrils of this 
plexus frequently end in minute knob-like 
enlargements which are in- contact rvith 
the surface, but rarely, if ever, penetrate 
the interior of the epithelial cells. The 
“trefoil plates” of Bethe represent unusually lai^e end knobs. 

Tactile Cells (of Merkel). — These are modified epithelial cells, with clear 
cytoplasm and a slightly vesicular nucleus, which are found in the deeper layers 
of the stratified epithelium of the epidermis and in the root sheaths of hairs. These 
cells are recognized by their vesicular character and by the fact that they occur 
most abundantly in the interpapillary portions of the epidermis. The deeper surface 
of the tactile cell rests in a cup-Kke expansion of a terminal nerve fibril which is 
known as the tactile meniscus. 

iSi 



Fic. jBz— Nerve Endings in the Epi- 
thelium OF TiiF. Larynx. 

On tlie left a taste bud; on the right, 
neri'e endings in the stratified squamous 
epithelium are represented (Retzius ) 


152 PERIPHERAL NERVE TERMINATIONS: END-ORGANS 

Similar tactile cells are found in tlie hair bulbs. The hair bulbs are important 
tactile end-organs. The innervation is very complex. The nerves end as: {<7), 
straight parallel fibers; (b) circular fillers; (r) fillers associated with special tactile 
cells. The hair bulbs mediate protoiiaUuc tactile sensibility. 

Neuro-epithelium. — The cells of sonic types of neuro-epithelium, e.g., the 
olfactory cells, are true nerve cells; others arc inotlificd epithelial cells, in relation 
to which the nerves terminate by intercellular end-fibrils. The ncuro-cpithelium of 
the eye and the car NviU lie dcscrilietl in the cliaptcrs devoted to these organs, that 
of the gustatory organ forms typical nerve end-organs.-the taste buds. 

Tasic Buds (Gustatory Organs ). — ^Thesc end-organs apjiear to be concerned 
with the special sense of taste. They occur in the stratified epithelium of the base 
of the tongue, uvula, soU palate and epiglottis. Disse has also found similar struc- 
tures in the nasal mucous membrane. 
They arc most aliundant on the lateral 
surfaces of the circnmvallate papillae 
of the longue and on the svalls of the 
sulci in the foliate papillae which are 
most highly developed in the rabbit. 
They arc occasionally found on the 
fungiform papillae of the tongue, 
where they occur in considerable num- 
bers in fetal life but mostly disappear 
Iicforc birth, and in the lateral svalls 
of the sulci about the circumvallate 
papillae. 

Taste bvids are ovoid, ellipsoidal, or 
spheroidal masses wliich occupy almost 
the entire depth of the epithelial layer. 
Their broad base rests upon the base- 
ment membrane, their narrower apex extends nearly- to the surface of the epithe- 
lium. The apex of the bud is thus covered by the superficial squamous epithelial cells 
except for a narrow tubular opening which overlies the superficial pole of the 
end-organ This canal presents an external and an internal ostium, respectively des- 
ignated the outer and inner taste pore. The inner taste pore leads into a goblet- 
shaped depression in the apex of the taste bud, into which the cuticular processes 
of the gustatory cells project. Composite buds wth two and three pores are com- 
mon in the foliate papillae of the rabbit ; Heidenhain ^ reports also buds with four, 
five and six pores. 

The taste buds consist essentially of two varieties of cells, the gustatory and 
the sustentacular The latter include the broad outer sustentacular or tegmental 
cells at the surface of the bud, the inner sustentacular cells within, and the basal 
cells which lie near the basement membrane. 





Fic. 183— Tactile Cells i.v tjif. ErmittiUM 

OP THE GrOIK of a GUINEA-Pta 

a, tactile cell; c, epithelial cell, ««. tactile 
meniscus, at the end of a nerve fibril; 11. nerve 
fiber. Chloride of gold. Highly magnified 
(Ranvicr.) • 


1 Heidenhain, 1914 



NERVE ENDINGS IN EPITHELIUM 


The Gustatory Cells. — ^The gustaton* cells are slender neuro-epitlielial 
structures whose nucleus causes a fusilomi enlargement near their center or toward 
the basal end. Their cytoplasm is finely granu- 
lar ; their nucleus stains deeply and is ovoid or 
rod-shaped. The distal end ol the cell carries a 
delicate, highly refractive cuticular process which 
projects beyond the apices of the sustentacular 
cells and as far as the inner taste pore. Their * , • ' | L 

proximal end is often bifid, forked, or so flat- * ■ ■' *' 

tened as to form a foot-like extremity which is • ' ^ 

connected with the basal cells by fine processes. i, "i* '• 

Sapid substances in solution enter the pore and ' ■* " 

stimulate the taste cells through the hair proc- “f'* ■ ■ 

esses. * 

Sustentacular Cells. — ^The outer and in- 
ner sustentacular cells are elongated epithelioid ^ 

cells, having an ovoid or spheroidal vesicular nu- 'w* /V 
cleus which causes no bulging of the protoplasm, 

and a coarsely reticular and frequently vacuolated \ 

cytoplasm. The distal ends of the cells taper to jRL j 

blunt points which collectively form the lateral ^^^31 

wall ot a goblet-shaped cavity at the apex of the 

taste bud. The pro.ximal end is broad, often , ..j , , 

blunt or serrated, and, like the gustatory cells, i- « ». 

it is connected with the basal cells by proto- ' "folucle^f^Dm 

plasm, c processes. ^ ^ CoM chlonde preparation. CFron. 

The Basal Cells. — The basal cells are flat- Barker after Bonnet.) 


Fic. 184— Nerve Endings in Hair 
Follicle of Dog. 


Gold chlonde preparation. (From 
Barker after Bonnet.) 


■/.- ■■■"7 ■ 

■Vr^-^v ■■■■ 

:>■ 'v 

>■' 'i. : i;-r 

: ■■ “ y.' ^ 

OF A Taste Baa 

(After Hermann, from Bohm anti von Davidoff.) 
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tcncd bodies wiili small ovoid vesicular nuclei and a relatively small amount of 
cytoplasm which is prolonged into mnnerous processes that appear to be continuous 
witit the sustcntacular and gustatory cells. These cells have been considered as hav- 
ing a function similar to that of the smtcntaailar cells. 

Tiin I'lnr.RS.— -The ncr\*c fibrils of the taste buds arc derived from a sub- 
epithelial plexus which distributes terminal fibrils to the gustatory and susten- 
tacular cells {intra(jcmmal fibers) and to the intervening jiortions of the stratified 



Fig i8fi — ^T aste Bud from the Human Tongue. 

A, in longitudinal section, B, transection llirough tire deeper third; C, transection through 
the base. Bs, basal cells; Es, extrabulbar cells; C:, gustatory cell; L, leukocytes, in A one of 
these is seen in the pore; Pg, perigenunal space; Sg, subgemmal spaces; Sf, connective tissue 
of the lamina propria; Ss, sustcntacular cells; x, cells of the adjacent epithelium. (Graberg.) 

epithelium (^hitcrgcmmal fibers) where they terminate in end-fibrils. Von Len- 
hossek* states that the intragemmal and intergemmal fibers are never derived 
from the same nerve fiber. Circwngeniutal fibers, distributed as varicose fibrils to 
the surface of the taste bud, may, however, arise from the same nerve fiber as the 
igtragemmal branches. 

Those nerve fibers which enter the taste buds form fine varicose fibrils which 
are closely applied to, but are not continuous with, the gustatory and the susten- 


2 Von Lenhossek, 1892 
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tacular cells. The terminal twigs of these fibrils end by minute end-knobs ^Yhich are 
scarcely distinguishable from the varicosities (Fig. 183). 

NERVE ENDINGS IN CONNECTIVE TISSUE 
The ner\-e fibers form extensive plexuses in the connective tissues from whicli 
terminal branches are distributed to the epithelium (free sensorj' endings), the 
walls of the blood and lymphatic vessels (sjTnjKithetic \'asomotor endings), and to 
the numerous sensory end-organs (encapsulated endings) which occur in abun- 



Fig. 18;.— Tactile Corpuscle of Meissner from the Skin of tiif Human Toe. 
Bl, blood \essel; N, mjelinated neive fiber. Highly magnified. (Scliiefferdeckcr.) 


Fic. 188 — Tactile Corpuscle of Meiss.ver. 

b, cprthelroid cells; c, nerve endings; e, connective tissue capsule, fifaxfmow, after Van de 
Velde ) 


(lance in most of the connective tissues. Nerves also terminate in connective tissue 
by free end-fibrils some of which, as in the epithelial tissues, possess minute end- 
knobs. Free nerv’e endings of this nature occur in the tendons, the lungs, the 
stomachal and intestinal mucous membranes, the meninges, and in the superficial 
layer of the corium of the skin and the hair follicles. 

The following types of nerve end-organs are found in connective tissue; 
Tactile Corpuscles (Touch Corpuscles of Meissner) .—These organs are 
formed by the terminal expansion of a nerve fiber, which forms a varicose plexus 
inclosed within a delicate connective tissue sheath. The ne^^•e fiber, or its primary 
branches, prior to its ultimate dmsion makes several spiral turns about the cor- 
puscle. The course of the nerve fiber gives the corpuscle a peculiar spirally striated 
appearance. V^ithin the corpuscle the nerve fiber breaks into a plexus of varicose 
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fibrils, many of which end in knoblied extremities. The corpuscles also contain 
many flattened or cuneiform epithelioid cells, of mesodermal origin, which arc 
interspersed among the iiei^'c fibrils. 

Tactile corjmsclc.s occur in largest numljers in 
(he cutaneous pa{'il(ac of the finger lips, where 
there may lx* a.s many .as twenty to the square 
millimeter. They arc found in considerable abun- 
dance also in other highly sensitive regions, in- 
cluding especially 
the coritmt of the , 

toe ti]>s, the lips, 
nipple, conjunc- 
tiva, glans penis 
and clitoris. 

The cutaneous 
senses compre- 
iiend four differ- 
ent qualities of 
sensation: pres- 
sure, warmth, cold 
and pain. These 
arc mediated by 
two distinct groups 
of sensorj’ fibers 
ending in tlie skin : 
the one conveys 
the impulses for pain and extremes of temperature 
(protopathic sensibility), the other (or light pressure 
and small changes of temperature (cpicritic sensibil- 
ity) . The various subcutaneous endings mediate sub- 
cutaneous sensibility to pressure and movement. 

RttfBni's End-organs. — ^Thesc bodies, also known 
as tenmtial cylifidcrs, resemble the tactile corpuscles 
in structure but possess a definite, though thin, con- 
nective tissue sheath within which the terminal arbor- 
ization of the nerve fiber is embedded in a granular 
core. They occur in the deeper part of the true skin 
near its junction with the subcutaneous tissue and in 
the connective tissue septa of the latter, whereas the pic. 190 — Ruffini's End-organ. 
tactile corpuscles are found in the papillary layer of ^ gjngle n^n’e fiber breaks up 
the skin. Ruffini states that they occur in large num- 
bers in the skin of the finger tips, where they rival 
in number the rather more deeply {daced fsetnian 
corpuscles 




Fic 189.— Tactile Cortuscle of 
Meisssfa. 

a, nerve fibrils i\htch enter the 
corpuscle anti supply its nerve skein 
Methylene blue. Very highly mag- 
nified. (Dogiet ) 



to form the tangle of nerve fi- 
brils within the organ ffH, my- 
elin sheath; < 1 , terminal fibrils 
of the axis cylinder; L. connec- 
tive tissue capsule. (Ruffint.) 
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The Ruffini organs are cylindrical in shape and their nen'e fibers usually* enter 
at the side of the organ, though occasionally at its end. Now and then a single 
branching nerve fiber is distributed to several of these end-organs. 

End-bulbs (Krause). — These structures {bulbous corpuscles), together with 
those which follow, form the true so-called encapsulated nerve end-organs. In the 
end-bulbs the nerve forms a terminal arbori- 
zation of %’aricose and knobbed fibrils which 
freely anastomose. The bulb is invested with 
a distinct connective tissue capsule. On enter- 
ing the bulb the nerve fiber loses its sheaths 
and the perineurium, now represented by 
Henle’s sheath, becomes continuous with the 
capsule of the bulb. Within the capsule the 
nerve fibrils are embedded in a granular inner 
bulb. 

The end-bulbs vary much in both size and 
shape. They may be either spheroidal, ovoid, 
twisted or convoluted, branched or compound, 
or cylindroid. They are found abundantly in 
the conjuncti^’a, but also occur in the corium 
of the skin. Similar, though more highly developed, end-bulbs form the so-called 
genital corpuscles which are found in considerable numl)ers in the connective tissue 
of the glans penis, prepuce, aud clitoris. In some of the siiialler (cylindrical) end- 



JUNCTJV.V 

The a.'ton forms a dense skein w ithin 
the encapsulated bulb. MctUjWne blue. 
Highly magnified. (Dogiel.) 



Fig. 192.— Genital Corpuscles from the Clitoris of a Rabbit. 

A single axon from the nerve plexus enters each corpuscle. Methylene blue 
magnified. (Retzius) • 


Highly 


bulbs found in the tendons, the mucous mentbnines, and in certain portions of the 
*.n, the nan-e fiber fails to divide but ends near the distal extremitv of the bulb 
in a small fusiform end-knob 
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fibrils, many of which end in knoblted extremities. The corpuscles also contain 
many flattened or cuneiform epithelioid (XiIIs, of nicsoderma! origin, which arc 
interspersed atuoug tlic nerve fibrils. 



^ ji', *t, ^‘i I tlic cormm of the ^ 

'■ ■ 'I 5s,- \ nipple, conjunc- 

j *y penis 

'A*. • and clitoris. 

** * VvY cutaneous 

senses compre- 

it 

ent qualities of ^ 

sensation: pres- 
sure, warmth, coM 
Fig i89'-Tacticc Coftrusas or pain. These 

fcfEiss.vER. are mediated by ^ ||.p|S 

n, nerve fibrils which enter the two distinct groups | 

corpuscle ami supply its nerve skem. ^ fibers » 

Methylene blue. Very highly mag- . ’ , . 

wfictl. (Dogiel) ending in the skin : 

the one conveys ' 

the impulses for pain and extremes of temperature 
(protopathic sensibility), the other for light pressure 
and small changes of temperature (cpicritic sensibil- 
ity). The various subcutaneous endings mediate yub- 
cutaneous sensibility to pressure and movement. 

RufBni’s Bud-organs. — ^These bodies, also known 
as tenninal cyfi'itcfcrj, resemble the tactile cocpuwrles 
in structure but possess a definite, though thin, con- 
nective tissue sheath within which the tenninal arbor- 
ization of the nerve fiber is embedded in a granular 
core. They occur in the deeper part of the true skin 
near its junction with the subcutaneous tissue and in ' 

the connective tissue septa of the latter, whereas the i^~RumKi’s Eno-oega.n, 
tactile corpuscles are found in the papillary layer of ^ single nerve fiber breaks up 
the skin Ruffini states that they occur in large num- to form the tangle of n^e fi- 
bers in the skin of the finger tips, -where they riral 

in number the rather more deeply placed padnian the axis cylinder : L, connec- 
corpuscles. ^ 


Tactile corpuscles occur in largest numlicrs in 
Ihc cutancoui pa('lUae of the finger lips, where 
there may be as many as twenty to the square 
nMllioictcr, They arc found in considerable abun- 
dance also in other highly sensitive regions, in- 
cluding especially 




Fig iSg—TACTtu Coftrusar. or 
&(eiss.vfji. 

n, nerve fibrils which enter the 
corpuscle and supply its nerve skein. 
Methylene blue. Very highly mag- 
rufieil. (Oogiei ) 


live tissue capsule. (RuRsni ) 
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The Ruffini organs are cylindrical in sliape and their ner^'e fibers usually enter 
at the side of the organ, though occasionally at its end. Now and then a single 
branching nen-e fiber is distributed to several of these end-organs. 

End-bulbs (Krause). — ^These structures (bulbous corpuscles), together with 
those which follow, form the true so-called encapsulated nerve end-organs. In the 
end-bulbs the ner\'e forms a terminal arbori- 
zation of varicose and knobbed fibrils which 
freely anastomose. The bulb is invested with 
a distinct connective tissue capsule. On enter- 
ing the bulb the nen’C fiber loses its sheaths 
and the perineurium, now represented by 
Ilenle’s sheath, becomes continuous with the 
capsule of the bulb. Within the capsule the 
neiwe fibrils are embedded in a granular inner 
bulb. 

The end-bulbs vary much in both size and 
shape. They may be either spheroidal, ovoid, 
twisted or convoluted, branched or compound, 
or cylindroid. They arc found abundantly in 
the conjunctiva, but also occur in the corium 
of the skin. Similar, though more highly developed, cnd-bulbs form the socalled 
genital corpuscles wliich are found in considerable mimljers in the connective tissue 
of the glans penis, prepuce, and clitoris. In some of the sihaller (cylindrical) end- 



Fic. 191 — E.vp-dulb of Krause ^l0^f 
THE iI.^RGI.V OF THE OcULAR Co.V- 
JUXCTIVA. 

The a.xon forms a dense skein wUIiin 
the encapsulated bulb. Meilolene blue. 
Highly magnified (Dogiel ) 



Fig 192.— Genital Corpuscles prom the Clitoris of a Rabbit. 

A single axon from the nerve plexus enters each corpuscle, ilethjlene blue 
magnified (Retzius.) 


Highly 


Mbs found in the tendons, the mucous membnmes, and in certain portions of the 
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Lamellar Corpuscles (Pacinian Corpuscles, Vater’s Corpuscles, Vatcr-* 
Pacinian Corpuscles.)— These arc among the largest of the nerve end-organs. In 



Fig. 193 — A Lamf.i.lar Corpoccle prom the Mfientfry of a Cat. 
A, a nearly axtal section; J), a transccllon. X^^ia 




Fig 194 Fie i 95- 

Fig 194 — A Lamellar Corpuscle from the Pleura op a Child. 
a, lamellae; b, nerve fiber, c, nerve. Methylene blue. Moderately ma^ified (Dogiel.) 


Fig 195. — A Lamellar Cotpuscle from the Mesentery of a Kitten. 

The nerve fiber shows lateral processes, many of which are knobbed Methylene blue. 
Moderately magnified. (Sala ) 


the mesentery of the cat they are of macroscopic size, varying in length from two 
to three millimeters. They assume the form of a large ovoid thickening, placed 
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upon the end of a nerve fiber. The pacinian corpuscle consists of a thick lamellated 
connective tissue coat, and a central granular protoplasmic core which is pierced 
by the ner\’e fiber. The mjelinated ner\’e fiber enters the axis of the corpuscle, 
its Henle’s sheath becoming continuous with the superficial capsule of connective 
tissue. The ner\’e fiber on entering the core loses its myelin sheath, and after 
traversing a greater or less portion of the core divides into two to five branches 
which end near the distal pole in a disk-like expan- 
sion. In its course through the core, the nerve fiber 
gives ofT fine lateral twigs. The basal pole of the 
corpuscle receives also one or several minute mus- 
cular blood vessels. These end in a capillary network 
between the lamellae. 

The connective tissue sheath consists of a gran- 
ular protoplasm which is permeated by densely felted 
spiral fibers and is divided into ten to fifty concentric 
lamellae by lines of flattened connective tissue cells 
and fibers. According to Schwalbe, however, these 
cells form an endothclioid coat on cither surface of 



each lamella. Lamellar corpuscles are occasionally 
compound, two or more adjacent corpuscles being 
supplied by branches of the same nei^'e fiber. 

Lamellar corpuscles are found in large numbers 
in the subcutaneous tissue of the finger tips and of 
the penis, as well as in the skin of other parts, in 
the mesentery and the connective tissue of the neigh- 
boring organs, c.g., the pancreas, in the prevertebral 
connective tissue of the abdomen and mediastinum, 
near the walls of the large blood vessels, in the serous 
membranes (pleura, pericardium, peritoneum), in 
the periarticular connective tissue and periosteum, in 
the sheaths of the larger nerve trunks, an<l in the 
connective tissue of the thyroid gland and of the 
skeletal muscles They function as pressttre and strain 
receptors, mediating deep sensibility and joint sen- 
sibility. Certain investigators interpret them also as 
regulators of blood pressure. 


I 

t 





Fig. 196 — A Lamellar Cor- 
puscle IN' Lon'citudin-al Sec- 
tion, SnowTNc A Network 
OF Spiral Elastic Fibers. 
Wcigert’s elastic tissue stain. 
Highly magnified. (Sala.) 


The Corpuscles of Herbst (Key-Retzius* Corpuscles).— The corpuscles of 
Herbst are similar in structure to the lamellar corpuscles except that the core 
which surrounds the axial nerve fiber contains cuboidal tactile cells. They occur 
only in the cere of aquatic birds. 


The Corpuscles of Grandry (Merkel’s Corpuscles).— The corpuscles of 
Grandry, also found only in aquatic birds, contain several tactile cells of ecto- 
blastic origin similar to those found in the epidermis. Each cell is in relation with 
a ring or meniscus formed by the expanded end of a nerve fiber. The whole is 
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Lamellar Corpuscles (Pacinian Corpuscles, Vatcr’s Corpuscles, Vater-' 
Pacinian Corpuscles.)— These arc among the largest of the jicrvc end-organs. In 



Fic. 193.— A Lamfixar Corpusclf from tiif, Mr8F.>;TFJiy or a Cat. 
A, a nearly axial section; ti, a transection. X410. 



Fic. 194. Fig. 195 


Fig 194 — A Lamellar Corpuscle from the Pleura op a Child. 
a, lamellae; b, nerve fiber, c, nerve. Metl^lene blue. Moderately magnified. (Dogiel.) 

Fig. 195 — A Lajiellar Corpuscle from the Mesentery of a Kitten. 

The nerve fiber sliows lateral processes, many of which are knobbed. Methylene blue. 
Moderately magnified. (Sala ) 


the mesentery of the cat they are of macroscopic size, varying in length from two 
to three millimeters. They assume the fonn of a large ovoid thickening, placed 
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upon the end of a nerve fiber. The pacinian corpuscle consists of a thick lamellated 
connective tissue coat, and a central granular protoplasmic core which is pierced 
by the nerve fiber. The myelinated nerve fiber enters the axis of the corpuscle, 
its tlenle's sheath becoming continuous with the superficial capsule of connective 
tissue. The nerve fiber on entering the core loses its myelin sheath, and after 
traversing a greater or less portion of the core divides into two to five branches 


which end near the distal pole in a disk-Ukc expan- 
sion. In its course through the core, the ner\'e fiber 
gives off fine lateral twigs. The basal pole of the 
corpuscle receives also one or several minute mus- 
cular blood vessels. These end in a capillary network 
between the lamellae. 

The connective tissue sheath consists of a gran- 
ular protoplasm ^\h^ch is permeated hy densely felted 
spiral fibers and is divided into ten to fifty concentric 
lamellae hy lines of flattened connective tissue cells 
and fibers. According to Schwalbe, however, these 
cells form an endothehoid coat on either surface of 
each lamella. Lamellar corpuscles are occasionally 
compound, two or more adjacent corpuscles being 
supplied by branches of the same nerve fiber. 

Lamellar corpuscles arc found in large numliers 
in the subcutaneous tissue of the finger tips and of 
the penis, as well as in the skin of other parts, in 
the mesentery and the connective tissue of the neigh- 
boring organs, <’.<7., the pancreas, in the prevertebral 
connective tissue of the abdomen and mediastinum, 
near the walls of the large blood vessels, in the serous 
membranes (pleura, pericardium, peritoneum), in 
the periarticular connective tissue and periosteum, in 
the sheaths of the larger nerve trunks, and in the 
connective tissue of the thyroid gland an<l of the 
skeletal muscles. They function as pressure and strain 
receptors, mediating deep sensibility and joint sen- 
sibility. Certain investigators interpret them also as 
regulators of blood pressure. 



Fig 196.— a Lamellar Cor- 
puscle IN Lo.vcitudinal Sec- 
tion, Showing a Network 
OF Spiral Elastic Fibers. 
Wcigert's elaUic tissue stain 
Highly magnified. (Sala.) 


The Corpuscles of Herhst (Key-Eetzius' Corpuscles) The corpuscles of 

Herbst are similar in structure to the lamellar corpuscles except that the core 
which surrounds the axial nerve fiber contains euboidal taclilc cells. They occur 
only in the cere of aquatic birds. 


The Corpuscles of Grandry (Merkel’s Corpuscles).— The corpuscles of 
Grandry, also found only in aquatic birds, contain several tactile cells of ecto- 
blastic origin similar to those found in the epidermis. Each cel! is in relation with 
a ring or meniscus formed by the expanded end of a nerve fiber. The whole is 
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included within n thin connective tissue capsule and may be regarded as a com- 
pound tactile cell occurring in connective tissue. 

The Golgi-Mazzoni Corpuscles.— The G<ilgi-Ma/./oni corpuscles described by 
Ruffini * somewhat resemble the pacinian corpuscles in that they ikjsscss a lamellar, 




Fig. 107.—Axjal Sfctiov of a Conrusetr or Hfrbst fhom a Duck’s Bill 

0j myelinated nerve fiber; b, naked axial nerve fiber with a bulbous end; r. nuclei of the 
core, xt, inner concentric capsule; e. nuclei of the outer lamcllalcd capsule. X380 (Sobotta ) 

Fjo. 198.— a Papilla or tiif. Dock’s Tongue Containing a Coupuscle of Grandry. 

The corpuscle contains four large cells, between which arc the tactile menisci of the nerve 
ending, n, nerve. Highly magnified. (After Merkel, from Kolliker.) 

though relatively very thin, connective tissue sheath and a central granular core. 
The core, however, is relatively excessive in size, and the entering nerve fiber 
breaks into a number of branches with dNcotd terminal c.xpansions similar to 
those found in the nerve endings of Golgi in the tendons. They occur in the coriutn 
of the skin in certain regions (e.g., the external genitalia, finger tips), and in the 
conjunctiva and the periosteum. 

NERVE ENDINGS. IN MUSCLE AND TENDON 
Voluntary Striped Muscle 

Motor End-plates. — ^These organs form the intramuscular endings of motor 
axons whose cell bodies are found in the ventral horns of the gray matter of the 
spinal cord. The efferent fibers reach the muscle through the many cerebrospinal 
nerve trunks. On entering the muscle these nerves form a plexus in the perimysium 


Ruffini, 1894. 
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from which nen-e fibers are distributetl within the muscle bundles. Here they form 
an abundant plexus of branching nerve filwrs \vitlnn the endoniystum, the ulti- 
mate branches being of sufficient number to supply one or more terminal nerve 
fibers to each muscle fiber. 



Fic 199 — Golgi-Mazzom Corpuscles from the Subcutaneous Tissue of the Tip 
OF THE Finger 

(Ruflini ) 


At the surface of the muscle fiber the ner%'e fiber loses its myelin sheath, its 
neurilemma becomes continuous with the sarcolemma of the muscle cell, and its 
naked axis cj Under divides into two to five branches, wliich end, often after 
repeated subdivision, in flattened terminal disks, distributed in mammals over a 
limited, in amphibians over a broad area, but which never completely encircle the 
c\lindrical muscle cell. 
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included wiihin a tbm connective tissue ca])sulc ami may be regarded as a cvm- 
pound tactile cell occurring in cimnociivc tissue. 

The Golgi-Mazzonl Corpuscles. — ^'Hic Gnlgi-Marzoni corpuscles described by 
RufTini * soniewbat resemble the pacinian corpuscles in that they jiossess a lamellar. 




F:g. 197.— Axut SrcTiox or a Conrosete of Hmst rsost a Duck’s Bill. 

<ij in)clmatc<l ncn'c fiber; b, naked axial nerve fiber with a bulbous end; e, nuclei ot the 
cote; t/, mner conceuWic ca\nulc; e, nuclei of the outer lamcbalcd capsule. X380. (Sobotta.) 

Kio, 19S — A Papilla of tiif. Duck's Toscue Contsinixc a Cokpuscle of Grasdry. 

The corpuscle contains four large cells, lieiwecn winch arc the tactile menisci of the ncr\c 
ending n, nerve. Highly magnified (After Merkel, from KolliWer.) 

ibotigh relatively very tbin, connective tissue sbeath and a central granular core. 
The core, however, is relatively excessive in size, and the entering nerve fiber 
breaks into a numiier of branches with discoid terminal expansions similar to 
those found in the nerve endings of Golgi in the tendons. They occur in the coritim 
of the skm in certain regions {c.g., the external genitalia, finger tips), and in the 
conjunctiva and the periosteum 

NERVE ENDINGS. IN MUSCLE AND TENDON 

Voluntary Striped Muscle 

Motor End-plates. — These organs form the intramuscular endings of motor 
axons whose cell bodies are found m the ventral horns of tiie gray matter of the 
spinal cord. The efferent fibers reach the muscle through the many cerebrospinal 
nerve trunks. On entering the muscle these nerves form a plexus in the perimysium 


Ruffini. 1894- 
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irom which nene fibers are distributed within the muscle Imudlcs. Here they lorm 
an abundant plexus of branching nerve fibers within the endomysitim, the ulti- 
mate branches being of sufficient number to supply one or more terminal nerve 
fibers to each muscle fiber. 



Fic 199 — Golci-Mazzosi Corpuscles prom the Subcutaneous Tissue of the Tip 

OF THE FiSCER- 
(Ruflim.) 

At the surface of the muscle fiber the ner\'e fiber loses its myelin sheath its 
neurilemma becomes continuous with the sarcolemma of the muscle cell, and its 
naked axis cjlinder divides into two to five branches, which end often after 
repeated subdivision, in flattened terminal disks, distributed in mammals over a 
limited, in amphibians over a broad area, but which never completely encircle the 
cylindrical muscle cell. 



i 62 peripheral nerve TERMINATIONS: END-ORGANS 

The terminal expansions of the axon rest upon a granular, slightly raised sole 
plate which contains many ovoid muscle nuclei, the sole nuclei. 

Muscle Spindles (Neuromuscular Spindles, Neuromuscular End-organs).— 
These are sensory nerve endings which arc concerned with the so-cillcd muscle 
sense. They arc especially numerous in the extrinsic muscles of the tongue, in the 
small muscles of the hand and foot, and in the intercostal muscles.* They liave 



Fig 200 — Motor Nerve Endings in Striated Muscle. 

A, from a lizard ; B, from the guinea-pig ; C, from the hedge-hog A .and C are surface views ; 
in B the end-plate is seen in profile, o, muscle fiber; b, nerve fiber; c. nerve ending in the form 
of a brush, d, the sole plate; e, sarcolemma. A, Xi6o; B, X700; C, X1200 (Bohm and 
von Davidoff.) 


not been found in the muscles of the diaphragm. A detailed description of the 
developing neuromuscular spindle in the extrinsic eye muscles of the pig has been 
given by Sutton.® He describes a coarsely granular “plaque,” different from both 
muscle and nerve, which he inclines to regard as an intermediary structure per- 
haps a receptor substance analogous to the sole plate of motor endings. 

A muscle spindle contains from five to twenty striated muscle fibers of small 
size, and an almost equal number of nerve fibers. The whole is inclosed within a 
connective tissue capsule of considerable thickness. The bundle of intrafusal 
muscle fibers is again surrounded by a delicate axial sheath of connective tissue 


■* Huber, 1902. 
5 Sutton, I9*S' 
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which is united to the capsule by bands of fine fibrous tissue which span the broad 
periaxial lymphatic space. The larger of these fibrous bands support the nerve 
fibers, on their way to the intrafusal muscle cells, together with several small blood 
vessels. 

The muscle spindles form long fusiform bodies (from i to 5 millimeters in 
length) whose muscle fibers at the pole of the spindle may be connected with the 
tendon, or they may join other muscle fiber bun- 
dles. The muscle spindles are usually found in the 
fibrous septa of the perimysium. Compared with 
the adjacent muscle fibers, the intrafusal fibers 
have a smaller diameter, are less distinctly but 
more coarsely striped, and contain some centrally 
located nuclei. 

Either one or several nerve trunks enter the 
spindle, usually near its equator rather than at its 
poles. The nerve fibers branch re|K!atedly in the 
intracapsular connective tissue, and finally pierce 
the axial sheath as naked processes which form a 
rich arborization of terminal fibrils about the in- 
trafusal muscle fibers. Ruffini distinguishes three 
types of terminal nerve fibrils : ( i ) which 

form rings about the muscle fibers; (2) spiral, 
which are spirally twisted about the intrafusal 
fibers, and (3) dotdritic branchings, in which the 
axons break into numerous irregular processes 
with laminate expansions. 

Motor end-plates for the muscle fibers of the 
spindle as well as s>Tnpathetic vasomotor nerves for its blood vessels have also 
been demonstrated within the muscle spindles. 

That the muscle spindles are sensory and not motor organs has been demon- 
strated by Sherrington,® who found that they were not affected by the muscular 
atrophy following section of the peripheral motor neurons, and by Horsley ^ and 
others who have found that the muscle spindles are unaffected in cases of extreme 
muscular atrophy in man. 

Neurotendinous End-organs (Golgi End-organs, Tendon Spindles).— These 
organs occur m the tendons of muscles near the junction of the tendon' bundles 
with the muscle fibers. They are fusiform in shape and consist of a thin lamellar 
capsule of connective tissue which incloses several intrafusal tendon bundles of 
dense fibrous tissue. A narrow lymphatic space intervenes between the cansule and 
the intrafusal tendon bundles, - ^ 

Nerve fibers enter the spindle and give off several myelinated branches which 


Fig. 201.— a Muscle Spindle psoax 
THE Psoas Magnus of JfAN. 

/, intrafusal muscle fibers; i, 
nenr-e fibers; j, axial sheath; 4, 
connective tissue capsule; 5, muscle 
fibers of an adjacent fasciculus; 
6, periaxial lymphatic spaces; 7, 
blood vessel. Hematein and cosin. 
X470. 


Sherrington, 1894 
Horsley, 1897. 



i 62 peripheral nerve TERMINATIONS: END-ORGANS 

The terminal expansions c\l the axon rest upon a granular, sligljtly raised sole 
plate which contains many ovoid muscle nuclei, the sole intclci. 

Muscle Spindles (Neuromuscular Spindles, Neuromuscular End-organs).— 
These arc sensory nerve endings which arc concerned with the so-called muscle 
sense. They are especially numerous in the extrinsic muscles of the tongue, in the 
small muscles of the hand and foot, and in the intercostal muscles.* They have 



Fre 200 . — Motor Ner\x Endikcs in Striated Muscle. 

A, from a lizard; B, from the guinea-pig; C, from the hedge-hog. A and C are surface views; 
in B the end-plate is seen in profile, a, muscle fiber; b, nerve fiber; c. nerve ending in the form 
of a brush; d, the sole plate; e, sarcolemma. A, Xi6o; B, X700; C, Xizoo. (Bohm and 
von DavidofI ) 

not been found in the muscles of the diaphragm. A detailed description of the 
developing neuromuscular spindle in the extrinsic eye muscles of the pig has been 
given by Sutton.® He describes a coarsely granular "plaque/' different from both 
muscle and nerve, which he inclines to regard as an intermediary structure per- 
haps a receptor stihsiance analogous to the sole plate of motor endings. 

A muscle spindle contains from five to twenty striated muscle fibers of small 
size, and an almost equal number of nerve fibers. The whole is inclosed within a 
connective tissue capsule of considerable thickness. The bundle of intrafusal 
muscle fibers is again surrounded 1^ a delicate axial sheath of connective tissue 


4 Huber, 1902 

5 Sutton, 1915- 
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I B. Free nerve endings in glands 
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nm between the tendon bundles near the axis of the spindle. These fmaily form 
naked end fibrils with branching end plates, which hurrotiml the tendon bmnlJcs 
in an annular or spiral manner.* Since tlic structure of the Golgi tendon spindles 



Flo. Tmird op a TiSMiNAt Plaquk in thr itu«cu Srisrur. or an Apui.t Cat. 

A, rtnss ,• f, dendnne trancljs'ngj ; S. st»i«}s 0»lofWc ol gold preparation. HighI)’ magnified. 
(Rufiinl.) 



Fig aoj — MFURorENnisors E»ft-ORCAs or Tpnwin Spindle of Golcl 
ff't, bundle of tendon fibers, ji/f, tnyebnato! nerve fiber; r/«f, ribbon*I(i.e terminal rami* 
ficatrons of the axon, S^, node of Ranvier. Moderately magmfied. (Ciacio.) 

closely resembles that of the uutscle spindles, tlrey are probably of similar function. 

Pacinian Corpuscles and End>buli)s of Krause. — In atWttion to the special 
motor and sensory end-organs described above, pacinian corpuscles and end-bulbs 
of Krause are also found in the connective tissue of striated muscles. 


Ciacio, iSfli. 


NERVE ENDINGS IN JIUSCLE AND TENDON 



L. Free nerve endinffs in canliac and sjiionilj nmsclc 
I. Free nerve endings in glands 
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Eiid-plates of “accessory” unmyelinated, probably sympatlictic, fibers have also 
been described in striped muscle."' “ Muscle tonus is believed to depend upon this 
innervation (Fig. 131). The large body of evidence, both histologic and experi- 



Fjc! 204.— Nerve Endings in Cardiac 
Muscxe from the Heart of a Cat. 


a, muscle fiber; b, nerve fiber. Methylene 
blue. Highly magnified. (Huber and Dc 
Witt.) 

tractile tonus which is mediated hy the t 


mental, for and against the occurrence of 
a hy|x>tcjnmal sympathetic innervation of 
skeletal muscle, has been critically ana* 
lyzcd hy Ilinscy.” He interprets the evi- 
dence as favoring the negative position 
that the sympathetic nerves in skeletal 
muscle arc cxtralcmmal and supply only 
the Wood vessels. Similarly, he regards 
the weight of evidence as opposed to the 
view tliat the sympathetic system controls 
postural tonus, as distinct from the con- 
iinatic motor innervation. 


Caroiac and Smooth Musclc 

The nerves (sympathetic) of the heart arc distributed to the cardiac ganglia, 
whence unmyelinated fibers pass to all portions of the organ and form a very 
rich plexus in the intermuscular connective tissue. Fine terminal fibrils are dis- 



Fic. 20s— Nerve Endings in Smooth Muscle, from the Intestine op a Cat. 
a, muscle cell, b, nerve fiber. Methylene blue. Highly magnified. (Huber and De Witt.) 

tributed from this plexus to the muscle fibers, upon whose surface they end in 
varicose swellings and end-knobs. While most of these fibrils are probably motor 
in function, others which end in the intennuscular connective tissue are more 
probably afferent (sensory). Occasional endings in cardiac muscle resemble the 
simpler motor end-organs of skeletal muscle. 

In smooth muscle, plexuses of sympathetic nerve fibers occur in the intervals 
between the bundles of muscle cells. Secondary plexuses of naked fibrils are found 
among the muscle cells, and from this plexus fine lateral fibrils are distributed 
to the muscle cells, upon whose surface they end in small terminal granules or 
end-knobs Many of the nerve fibers in smooth muscle are undoubtedly of sensory 
function. 

The immediate motor stimulus to cardiac and smooth muscle function is be- 


» Perrondto, 1903. 

lOBoeke, 1913- 
Hinsey, 1934. 
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Iieved to be the adrenalin set free at the visceral terminals of the sympathetic 
neurons.^* 

The nerve endings and the distribution of the peripheral nerve fibers in the 
various organs of the body are more fully described in the several chapters 
devoted to those organs. 

The table on page 165 gives the classification of nerve end-organ in Sherring- 
ton’s terminology. 


13 Cannon, 1939. 




CHAPTER VII 


THE BLOOD VASCULAR SYSTEM 

This system includes the heart, arlerics, capillaries and veins. These structures 
form a continuous set of hranching tulK:s. which convey the Wood from the heart, 
through the arteries and capillaries, and hack again through the veins to the heart. 
In the capillaries a jxjrtion of the Wood plasnja transudes into the tissue spaces, 
<vhere it forms the tissue juices, and from which it is returned to the blood by 
the lymphatic vessels, the tcnninal branches of which empty into the subclamn 
veins. 

This entire vascular system is completely lined by a single lajcr of flattened 
epithelial cells, the ciidotficiuau. The cells arc united edge to edge by an inter- 
cellular cement substance, to form a continuous membrane throughout the entire 
system. The blood vessels include the arteries, capillaries, and veins, and these, 
together with the heart, wtll form the subject of the present chapter. The lym- 
phatic vessels (lymph vascular system) will be described in connection wth the 
lymphatic system. The blood and lymplt vessels together with their contents com- 
prise the vascular tissue, ' 


ARTERIES 

The arteries convey the blood from the heart to all the tissues of the body. 
They are therefore almost unnersally present, but vary in size from the aorta 
down to minute unnamed vessels of microscopic caliber. They are divisible, 
according to size, into the large, medunn-siz«l, and small arteries, the arterioles, 
and what may be termed the arterial capillaries, or precapillary arteries. The 
large arteries include only the aorta and the largest of its immediate branches 
(innominate, common carotids, siibclavians and common iliacs), and the pul- 
monary artery — the conducting arteries; the medium-sized (distributing) arter- 
ies comprise nearly all the remaining named arteries of the body; small arteries, 
arterioles, and precapillary arteries include those unnamed arteries which are to 
be found in nearly all of the organs and tissues of the body. 

Medium-sized Arteries. — A medium-sized artery will be described first, as 
presenting the typical arterial structure Such a vessel consists of three coats: 
the internal coat (tunica intima, or interna), the middle coat (tunica media), 
and the external coat (tunica adventida, or extema). 

The internal coat, tunica intuna, presents three layers, the innermost being 
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the Ia\er of endothelial cells, the outermost a lajer of elastic tissue, the fenes- 
trated coat of Henle, or internal elastic membrane ; between these is a delicate 
fibrous membrane or lamuia propria, which constitutes the middle layer. This 
layer is regarded by some as the product of the endothelium. 

The endothelium comprises only a single layer of flattened or squamous cells, 
placed edge to edge to form a continuous membrane of simple pavement epithe- 
lium. These cells are irregularly polygonal in outline, with serrated margins, and 
are somewhat elongated in the direction of the axis of the vessel. They are 
loosely attached to the elastic membrane by the middle laj-er of fine fibrillar con- 
nective tissue, in whose ground substance small branching connective tissue cells 


are found. The thickness of this connective tissue layer varies proportionately to 
the size of the vessel. In the largest arteries it increases in amount also with age. 


becoming especially well developed in 
the aorta. In the smaller arteries anti 
in certain of the larger, c.g , external 
iliacs, and the main branches of the 
abdominal aorta, it is so scant as to be 
essentially lacking. The thickening of 
the intima m the aorta coincident with 
increasing age is commonly interpreted 
as a compensatory mechanism necessi- 
tated by the increasing diameter of the 
vessel due to loss of elasticity resulting 
from a transformation ot dastni into 
clacui. 



The internal elastic membrane is a 
lajer of elastic tissue, consisting of an 
intimately united fibrous mass, which 
completely encircles the artery. In the 
smaller vessels the elastic fibers of this 
layer form only a reticulated structure. 


Fic 206— A Small Arterv from the Cox- 
NtcTiVE Tissue of the Anterior Cervical 
Region of Man. 

a, tunica adventitia; i, tunica intima; f», 
tunica metfia; «, a small unmyelinated nerve 
trunk, f, a mmute venule. X370. 


but in the larger arteries they arc so abundant and so closely interwoven as to 


form a complete membrane, which can be readily stripped from the subjacent 
tissue. If the membrane thus prepared is examined microscopically, it will be found 


to present numerous small openings at points where the elastic tissue is deficient. 
It is this appearance which led to its description as a “fenestrated membrane.” The 
internal elastic membrane is intimately united to the tunica media, upon which it 
rests; in fact, it may perhaps be better considered as the innermost layer of this 
tunic, for, in the larger arteries, e.g , the aorta, it can only with difficulty be distin- 
guished from the adjacent layers of elastic tissue which form a large portion of 
the tunica media of these vessels. 


The tunica media, or middle coat, contains smooth muscle, sheets of elastic 
tissue, and a very delicate fibrous connective tissue. The proportion of these 
elements present in any given artery varies mth the size of the vessel. Muscular 
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tissue usually prcdoniinales, liut in the larger arteries clastic tissue is so abun- 
dant as to appear quite in excess of the muscular; in the smaller arteries, how- 
ever, the muscular tissue is by (ar the more abundatit. 

The smooth muscle cells (fibers) are circularly disposed in the wall of the 
vessel; they arc short, of irregularly serrated outline, and are intimately united 
with one another. Quite frequently the muscle fibers possess short branches which 
interdigitate with those of neighboring fibers. In the larger vessels they are 
arranged in layers which alternate with the sheets of clastic tissue. Small bundles' 
of longitudinal smooth muscle fibers arc occasionally found in the outer portion 
of the tunica media. 

Tlic clastic tissue of the middle coat is 
disposed in membranous sheets which, in the 
larger vessels, arc embedded in a fine fibrillar 
connective tissue. In these vessels, also, the 
fihroHrlastic membranes thus formed alternate 
with the layers of smooth muscle, throughout 
the entire thickness of the tunica media. In 
consequence of the relaxation of the normal 
arterial tone and the contraction of the mus- 
cular wall in rigor mortis, as seen in the usual 
preparations, these elastic layers, as well as 
the internal clastic membrane, are thrown into 
wavy folds. 

The e.\ternal coat, Itintca advcnlitla, con- 
sists chiefly of fibrous connective tissue. Rela- 
tively few elastic fibers occur in this coat, and 
these for the most part lie in its inner portion, 
adjoining the tunica media. In the larger ar- 
teries, when especially abundant, the elastic 
fibers form an incomplete layer, which may 
be termed the external clastic vxembrane. Like 
the internal elastic membrane, this layer might well be considered as belonging to 
the tunica media, of which coat it would then form the outermost stratum. 

The collagenous fibers of the tunica adventitia are disposed in dense inter- 
lacing bundles, to form a firm, unyielding coat. At the periphery of the artery • 
the connective tissue bundles of the adventitia intermingle with those of the 
adjacent areolar connective tissue, in which the blood vessels are nearly ahvays 
embedded, hence the outer boundary of this coat is usually more or less ill defined. 

The fibrous bundles of the adventitia are disposed somewhat obliquely or 
diagonally- about the artery, thus forming a closely felted connective tissue net- 
work. Small nutrient blood vessels, both arteries and veins (vasa vasorum), and 
minute nerve trunks with occasional ganglia, occur in this coat. From these vasa 
et nervi vasorum capillaries and fine nerve fibers, both sensory and autonomic 
vasomotor, are distributed to the muscular coat. No blood vessels are found in 



Fio. 207— The Exter.val Carotid 
Arterv of a Cini. 0 . 
a, tunica intima, the internal elastic 
membrane Is prominent; l>, tunica me- 
dia, containing smooth muscle and sev- 
eral wavy layers of elastic tissue; e, 
tunica adventitia, containing many trans- 
versely and obliquely cut clastic fibers 
and much wavy connective tissue. 
(Magrath ) 
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the tunica intima. In the larger vessels the adventitia may contain also an occa- 
sional lamellar corpuscle. The adventitia contains abundant perivascular lym- 
phatics. Nervi vasorum arc said to be lacking in the blood vessels of the brain 
and spinal cord. Vasa vasorum occur only in vessels of more than i mm. diameter 
and are said to be lacking in the blood vessels of the heart. 

General Characteristics of the Arterial Wall. — ^Thc tunica media is almost 
invariably the thickest of the arterial coats. In the medium-sized vessels, c.g., the 
iliac arteries, the adventitia is often of nearly equal 

thickness, but in the smaller vessels it is much linn- / 

ner. The arterial wall as a whole, also, is verj* thick 
as compared with the lumen of the vessel, and is 
much thicker than that of a vein of corresponding 




The wall of the larger arteries is relatively thin- 
ner as compared with the lumen tlian is the case with 
the arterioles; in the latter vessels the thickness of 
the arterial wall often exceeds the dtameler of their ^ 
lumen. In certain small arteries, c.g., those of the 
liver, even this ratio may be exceeded. 

The arterial wall contracts firmly in rigor mortis, ^ 

hence the arteries after death contain but little blood, 
and because of the density of the tissues which com- 
pose their wall, these vessels retain, as a rule, their 
cylindrical form. 

Large Arteries. — The largest arteries differ from 
the medium-sized type in the excess of elastic tissue 
and relative deficiency of muscle in their media, the 
extreme thinness of their adventitia, and the relative ^ 
thinness of their w'all, as a whole, when compared 

with their lumen. Elastic tissue is especially abun- A 

dant in all of these vessels; in the media it equals 
in volume the muscular tissue, in the adventitia it V 
forms a dense network of elastic fibers. In the aorta 

and the pulmonary artery the elastic tissue surpasses Fic. 2o8.-.Trans\-erse Section 
the muscular in the media. These vessels lack a dis- through the Wall of the 
tmet internal and external elastic membrane. The Descending Aorta. 

adventitia of the largest arteries is extremely thin, A tunica intima; Af, tunica 
that of the thoracic aorta being not much thicker oMte 

than Its fibrous tunica intima; this coat, therefore, media are conspicuous against 
forms but a small portion of the vascular wall in lighter fibromuscular back- 
vessels of this type. ground. Xioo 

Small Arteries.— In the small arteries the elastic tissue is relatively decreased 
and the smooth muscle noticeably increased. The tunica intima of these vessels 
IS thin, and is limited externally by an internal elastic membrane, which stands 
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out prominently because of the relative dcfidcncy of clastic tissue in the tunica 
media. 

In the tunica media of these vessels the plates of clastic tissue which char- 
acterire the larger arteries arc scarcely to lie found. This coat in the small arteries 
contains very little tissue other than smooth muscle. 

TItc external clastic membrane is indistinct, and the adventitia is not more 
than one-half to two-thirds as thick as the tunica media. 



Fig 209 — Part of a Cross-section of the Femoral Arterv of a Doc. 

XiSO. (From Szymonowicz-MacCallum, lltstology and ilicroscol’ic Anatomy ) 

Arterioles. — ^The arterioles possess a relatively thicker wall than any other 
vessel of the arterial system. Their tunica intima is thin, but little fibrous tissue 
being contained within it, and the internal elastic membrane is represented only 
by a very incomplete layer of elastic fibers. The tunica media of the arteriole 
forms two-thirds to three-fourths of its wall, and consists almost entirely of 
firmly united smooth muscle fibers The adventitia, much thinner than the media, 
contains bundles of collagenous fibers and delicate interlacing elastic fibrils. 
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Precapillary Arteries. — ^The smallest arterioles pass into what may be termed 
the precapillary arteries. In these minute vessels the wall consists of scarcely 
more than the endothelial lining, about which is an incomplete la>er of circular 
muscle fibers, interspersed with occasional collagenous and elastic fibers. On 
approaching the capillaries the endothehal tube is gradually laid bare. It is the 
smooth muscle which is the last of the tissues to disappear from the arterial wall, 
whereas beyond the capillaries it is the fibrous tissues which arc first added to 
the endothelial tube to form the wall of the smallest venules (Fig. 220). 

Atypical Arteries. — Certain atypical 
arteries differ markedly from the typical 
structure above described. 

The umbilical arteries are almost exclu- 
sively muscular, and practically lack elastic 
tissue. The muscle is arranged in two dis- 
tinct lajers: an inner longitudinal, and a 
wide outer circular; external to these is 
usually a more or less complete third layer 
of scattered bundles of longitudinally ar- 
ranged smooth muscle cells. The umbilical 
vein is vciy similar but contains more elas- 
tic fibers, and a distinct internal clastic 
membrane. 

The cerebral and meningeal arteries 
have very thin walls and, exclusive of a 
relatively very well developed internal elas- 
tic membrane, contain but little elastic 
tissue. 

The common iliac, splenic, renal, supe- 
rior mesenteric and dorsalis penis contain scattered longitudinal bundles of muscle 
in the media next the intima. 

In the pulmonary arteries the media is exceptionally well developed. This is 
the case to an extreme degree in the pulmonary arterioles of the cat. The pulmonarv 
arteries and veins are very similar in structure. In the guinea-pig and opossuin 
the media of the arterioles consists throughout of thick oval segments of circularly 
disposed smooth muscle alternating with narrow intervals where the muscle laver 
IS relatively thin. In the ox such s^^mented condition of the media is modified 
in that the segmentation is spirally disposed. 

The media of the roots of the aorta and the pulmonary artery consists largely 
of cardiac muscle. 

In the subclavian artery the longitudinal surpasses the circular muscle in the 
media. In the arch of the aorta and in the upper portion of the descending 
aorta longitudinal muscle bundles are found in the intima, media and adventitia 
{von Bardeleben) The common carotid, common iliac and common femoral 
(curalis) contain both longitudinally and spirally arranged muscle Hbers in the 



Fic 210— -Small Area op Fenestrated 
Membrane of Henle, Teased from 
Human Aorta. 


F, fenestra; PI, coarser plexus of clastic 
fibers spread and adherent upon .U. the 
fenestrated membrane proper (Aher M. B. 
Dees, /tnal. Rcc., 1923, 26.) 
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media. In general, rvliere large arlcrics arc liulijcclcd lo licndings the circular 
muscle rihcrs are reinforced by oblique (spiral) anti longitudinal bundles in tlic 
media. Tills is con3]iicuously the ease in the common iliac, the popliteal, and the 
brachial arteries.' 



/I, small arlcry obliquely cut : B, arteriole and venule, the latter fillcii wlt!» blood ; a, fat cell*. 
A ami B arc from the connective tissue of ll>c anterior cervical repion. llcnialem and cosin, 
A. Xiio; /?. X550 C. A small artery near the descending aorta ol man; the internal and 
external clastic membranes arc rendered distinct by the stain, ilemalrin, Weigert’s elastic tissue 
stain, and picrofucbsin, X 550 

Comparison of Lar^e and Small Arteries.— The larg-er arteries arc t>7iicaH>’ 
elastic, the smaller typically muscular. lu the larger vessels the elastic tissue forms 
about one-half of the entire wall; toward the smaller arteries this tissue pro- 
gressively diminishes until, in the arterioles, it is limited to an incomplete internal 
elastic membrane, the homologue of the complete elastic coat or fenestrated coat 
of Hcnle, which is found only in larger vessels. 

The smooth muscle, on the other hand, increases in relative amount from the 
larger to the smaller arteries. While in the largest vessels it forms not more than 
one-third, m the arterioles it represents about three-fourths of the arterial wall. 

In the largest arteries the adventitia is relatively very thin. That of the 
medium-sized vessels is much thicker, and the ratio of connective tissue as found 
in the wall of these vessels remains fairly constant down to the arterioles. In the 
wall of the precapillary arteries connective tissue is very scanty. 

In the aorta all the muscle cells are intimately connected with the elastic mem- 
branes. Such "extensor” muscle cells, for the most part arranged obliquely, occur 
in progressively smaller amount as far as the arterioles. Such medianism of end- 
to-end fusion between muscle and elastic fiber provides for regulatory variations 
in tension of the wall, coincident wth changes in blood volume and blood pres- 


ifacCotdick, JPU- 
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sure, without alteration of the caliber of the lumen. It mediates also the "force- 
pump” action of the aorta and its larger branches during cardiac diastole.- 

The capillaries arc minute tubes, 5 to 13 fi in diameter, which, in nearly all 
the tissues of the body, connect the arteries with the veins. Their wall is formed 
by a la>er of endotheUal cells which on the one hand is continuous with the 
endothelial lining of the arteries, on the other hand with that of the veins. 



Fig 212 Fjc. 213. 

Fig 212 — A Small Branch of Pulmonary Artfijy of Ox. 


(Piana) X70 

Fig 213— Divioino Small Branch of Pulmonary Artfrv op Guinf.a*pic. 
Pulmonary arterioles of opossum are almost idemica! Xso 


As a rule there are neither muscle cells nor connective tissue in the wall of 
the true capillaries; occasionally, however, very fine isolated circumferential 
elastic fibers encircle the endothelial tube. In the minute arterioles and venules, 
which are about to terminate in or take origin from the true capillaries and which 
have been described as precapillary arterioles and venules, a very thin laver of 
muscle fibers or of connective tissue is added to the endothelial wall of the 
capillary. On the arterial side the muscle is the first tissue to be thus added, on 
the venous side the fibrous connective tissue is the first to appear. 

The endothelium of the capillary wall consists of flattened plate-like cells 
which are joined edge to edge by cement substance These cells are somewhat 
elongated in the axis of the vessel, the shape of the cell, as in the arteries and 
veins, depending upon the size of the vessel— the smaller the vessel the more 
elongated its endothelial cells (Fig 46). The margins of these cells are extremely 
irregular, hence they present a wavy or serrated outline. 
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Altlioii^jh the etidotlicJIal cells of the capillary wall apjKrar to he firmly united 
to one another, yet they are capable of hciii^ .sejarated siilTicJcntly to permit the 
ready pass.ngc of white blood cells Ihrougli the cai)illary wall, hy tiiapcdcsis. 
The capillary wall does not appear to Iw an maclivc factor in this process, for 
inert i)igrncnt grantilc.-s may also i>cnctratc the wall of these vessels, the endo- 
thelial cells inuncdiately closing the aperture which is thus formed. Nevertheless 



Fig. 214 — View or an Ahteswle and Vrxui.E with Peecapillarv and Capillarv 
Branches. 

From tile mesentery of cat, loto mount, borax carmine stain. 

purely mechanical means, c.g., increased blood pressure, appear also to favor 
this process. The openings which are formed between the endothelial cells by 
diapedesis of blood cells are very transitory; they are almost immediately closed 
by the activity of the endothelium. Such transitory breaches of the capillary wall 
are termed stigmata. 

According to Krogh® and Vimtnip* there are associated with the outer wall 


sKrogh, 1922 
♦ Vimtrup, 1922- 
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of the capillaries, in amphibia, mammals and man, scattered elongate muscle cells 
with numerous irregular processes partially encircling the vessel, the so-called 



Fjc 215— Capiilarv Network uiTit Polvcoxai. Mesh jn Adipose Tissue. 
a. afferent artery , b, efferent vein; A, capillary rcie. (Kedraun from Elleubcrgcr ami 
V. Schumacher ) 



Fig 216. — Two Rouget Cells (o and h) as Seen on Capillaries in Living Newt Larvae 
b IS contracting, c, is a red corpuscle X500. (Vimtrup.) 

cells of Rouget (’74). Alterations m the caliber of the capillaries are believed to 
be effected largely through the contractile function of these adventitial muscle 
cells However, Clark and Qark* have shown that the capillary endothelium of 


’ Clark, E. R , and Clark, E. L , IMS. 
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amphibian larvae hab a definite tonicity and Is cajiablc of contraction and' expan- 
sion entirely independent of the presence of any form of pcricnclnthelial cell. 

The, cai)illaries branch and anastomose with one another to form networks, 
the outlines of whose meshes vary according to the tissue in which they occur. 
In such tissues as muscle and nerve they form elongated meshes whoso long 
axes are iwrallcl to those of the muscle or ncr%'e fillers. In the looser, more 
areolar tissues they form large meshes of irregular sliape. In the capillary mem- 



Fw 217 — ^Diagram of Capillary Bei>, Showing RtLAtiossiitP of AlRteriolf.-venulab Bridge 
(Muscular Capillaries) to True (Nosmuscolar) Endothelial Capillaries 
T ypical smooth muscle cells are shown as solid cross lines, branched muscle elements by- 
dotted cross lines. (Zweifach ) 

branes, as in the walls of the pulmonary alveoli, they are (lisposed in a close net, 
the diameter of whose meshes scarcely exceeds that of the capillaries. 

With but few exceptions capillaries occur in all tli? tissues of the body. 
In epithelium and in cartilage there are no blood vessels of any kind, and in 
the splenic pulp it is doubtful if true capillaries occur; In certain tissues large 
vascular spaces occur, which are comjarable to the capillaries in that their .wall 
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' Fig. 218— Endothelial Cells, OvaiNED ^YJTn Silver Nitsate, 

0, in arteriole-vcnular bridge; b. true nonmuscular capillary, from mesentery of frog. 
(Zwctfach } 


consists of scarcely more than tlte enUolhelial Jube, but which differ from the 
true capillaries in the extreme size of their lumen, These vessels have been 
described by Minot ® as ^miisoid^ They are found in the erectile tissues, supra- 
renals, coccygeal gland, parathyroids, pars distalis of the hypophysis cerebri, bone 
marrow, in the maternal placenta, and in the fetal hver, heart, pronephros, and 


mesonephros. They differ from capil- 
laries also in that they generally do not 
connect arteries and veins, but are 
either exclusively arterial or venous. 
In the adult only venous sinusoids oc- 
cur. iKiVabiha are capillary plex- 

uses on arterioles or venules. The best 
example of a rete mirabile in the human 
body IS the arterial capillary plexus of 
the glomeruli of the kidney. The intra- 
lobular vascular plexus of the liver 
may be regarded as a venous rete 
mirabile. 



Observations of living blood vessels 
in the mesentery, tongue, skin, and in- 
testinal wall of the frog and in the 
mesentery and ear of the white mouse 


tia 219 — Arteriole and Capillary Branch 
SnowiKG Endothelial Valve (v) at Cap- 
illary Junction. 


(Redrawn from Zweifach.) 
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aiiiiiliiliiaii larvae lias a tlcfmilc tonicity and is capalile oi contraction and cxiian- 
sion entirely inticpcncicnt oi tire presence of any form of pcricmlotlielial cell. 

The, capillaries hranch anil anastomose with one another to form networks, 
the outlines of whose meshes vary accortling to the tissue iu which they occur. 
In such tissues as muscle ami nerve they form clonKatcd meshes whoso Ions 
axes are parallel to those of the muscle or nerve fihcrs. In the looser, more 
areolar tissues they lorm large meshes of irregular shape. In the capillary mem- 



Fig 217. — Diagram ok Capillary Bed, Showing Relationship of Artfriole-venular Bridge 
(Muscular Capillaries) to True (Nosmuscolar) Endothelial Capillaries. 
Typica) smooth muscle cells are shown as solid cross lines, branclred muscle elements by 
dotted cross lines. (Zweifach.) 

branes, as in the walls of the pulmonary alveoli, they are flisposed in a close net, 
the diameter of whose meshes scarcely ea:eeds that of the capillaries. 

With but few exceptions capillaries occur in all the tissues of the body. 
In epithelium and in cartilage there are no blood vessels of any kind, and in 
the splenic pulp it is doubtful if true capillaries occur: In certain tissues large 
vascular spaces occur, which are comparable to the capillaries In that their .wall 
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collagenous fibers, tbe greater part of ^vWch arc circularly disposed. Very few 
elastic fibers occur even in vessels of this size. 

Small Veins. — In the small veins the three coats are fairly distinct, the vascular 
wall being, however, much thinner than in the artery of corresponding size. 

The endothelium of the tunica intima is supiwrtcd by a very delicate connec- 
tive tissue membrane which as yet contains hut few elastic fibers. 

The tunica media consists of a thin layer of circularly arranged smooth 
muscle cells intermingled with a delicate fibrous tissue ; elastic fibers are rela- 
tively scarce. The adventitia, though considerably the thickest of the three coats, 
is as yet a thin membrane. It consists of fibrous connective tissue, clastic fibers 
being scarcely demonstrable except by means of the specific stain.s for tins tissue. 



Fig. 221 —Transection or an Arteriole and Venule. 
X250. (Scliafer.) 


Larger Veins. — The wall of the larger veins closely resembles that of the 
corresponding artery, except that the venous wall is much thinner and contains 
far less elastic tissue. The tunica intima of the medium and large veins presents 
a lining endothelium, a thin layer of delicate connective tissue fibers, and an 
incomplete internal elastic membrane. The last named is never so prominent as in 
the artery. 

The tunica media contains smooth muscle cells, the most of which are circu- 
larly arranged. A somewhat smaller proportion of delicate connective tissue com- 
pletes this coat. 

The media is best developed in veins of the lower extremities; it forms a 
thinner layer in veins of the upper extremities, and is relatively scant in the large 
veins of the abdominal cavity. 

The adventitia of the larger veins consists of densely interlacing bundles of 
collagenous fibers, among which is a network of fine elastic fibers. Occasional 
small bundles of longitudinal smooth muscle cells occur in the adventitia of the 
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capi'IlaricsJ Not all capiUanes arc functionally active at Ujc same time or to the 
same degree. Certain capillaries arc active even in a resting area. Such an active 
cap 511 nr>' constitutes a main channel, an artcrioto-vcmilar or a-v bridge Ijetwcen 
a prccapillary artery and a prccainlbry vein of a unit capillary area (Fig, -217). 
These a-v bridges arc muscular cajdllarics in contradistinction to endothelial or 
true capillaries nml have a diameter of from 12 to 16 microns (Fig. 218). The 
true capillaries arc abrupt side brandies from larger vessels and anastomose 
freely among themselves. In striaterl muscle a-v capillaries arc relatively infre- 
fjuciu, true capilhr{c.s comprising from 75 to 90 per cent of the vessels; in the 
skin the a-v tyjic of capillary preponderates. y\ valve-like fold of endothelium 
occurs at the potut of capillary exit m those regions where the capillarj* offshoot 
leaves an arteriole or an a-v bridge in a sharp luickvvard angle (Fig. 219) and 
provides an “endothelial splunctcr'* wlitdi functions to cut off true capillaries from 
the circulation. Zwcifach observed no contractile i>crivasciifar dements in tnte 
capillaries. Such capillaries, however, jwsscss tone and behave as reversibly dis- 
tensible tubes. 


VEINS 


Tlic blood h.aving passc<I the capillaries, enters the smallest radicles of the 
venous system, the prccaiiillary venules, and passes thence through the venules 
to the larger veins. The progressive increase in the 
cahlicr of these successive vessels is accompanied by a 
corresponding mcfcasc in the ihickness of tlieir wall. 
Thus, while the endothelial tube alone composes the 
capillary u'all, the endothelium of the precapillary wnule 
is encircled by a tldicatc connective tissue membrane. 
In the venule occasional smooth muscle cells are added 
to tlie wall of the smaller vessel, and in the vessels of 
this cahber the fibrous tissues liave been so increased 
that tile vascular wall, as in the arterj', can be said to 
possess three coats. 

PrecapJllary Venules. — The wall of the precapil- 
lary venule consists of the endothelial lining, which is 
surrounded by a \'ery delicate connective tissue mem- 
brane in which are very few elastic and collagenous 



The lighter nuclei are 
those of the endothelmtn. 
The darker nutlet m tlic 
venule are tn ctwinective tis- 
sue cells ; JO the arteriole 
they are in the muscle cells 
A, strult, B, artettole 
Partly diagrammatic Highly 
magnified 


fibers. 

Venules. — ^In the venule the tunica intima consists 
of little more than the endothelial lining. Its media and 
adventitia are not as yet distinctly differentiated, the 
former being distinguished only by the incomplete layer 
of circularly disposed smooth muscle cells. The ex- 
tremely thin ad%’entitia is composed almost wholly of 


iZweifacli, 1939- 
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nate and subcla\ian, contains collagenous and considerable elastic tissue, the latter 
often forming incomplete membranous layers, which alternate with the smooth 
muscle, as in the arteries. Such structure is, however. limited to the \cry largest 
of the veins. In the superior vena cara and the hepatic vein the media is practically 
replaced by adventitia. 

The cranial veins (cerebral and meningeal) arc conspicuous for the almost 
entire absence of muscle from their walls, the large meningeal sinuses being 
surrounded by a dense fibrous caat derived from the dura mater, and lined by 
the usual endothelium. In the veins of the retina also, and those of bones, a 
media is essentially lacking. 

The veins of the painf’iniform plexus of the spcnnatic cord are characterized 
by thick fibromuscular walls, resembling the wall of arteries, hut containing only 
a meager amount of clastic tissue and lacking a clear demarcation between media 
and adventitia. 

The venous spaces of the erectile tissues have already been mentioned as pre- 
senting to some extent the sinusoidal type of structure, these large venous cavities 
possessing an extremely thin wall. In structure scarcely more than endothelial 
lining. The afferent artery projects into the broad vasctilar lumen, from which 
the efferent vein makes its exit. 

Comparison of the Larger and the Smaller Veins. — Comparing the larger 
with the smaller veins, the excess of clastic and muscular tissue in the former 
IS most noticeable. In tlie absence of specific stains, clastic tissue can scarcely be 
recognized in the venules and smaller veins. In the medium-sized vessels it is 
scanty, but is present in considerable quantity in the largest vessels. 

The precapillary veins and venules contain scarcely any smooth muscle. This 
tissue becomes more distinct in the small veins and steadily increases proportion- 
ately to the size of the vessel ; m the largest veins it is again relatively deficient. 

Comparison of the Vein with the Artery of Corresponding Size. — ^The lumen 
of any given artery is always much smaller than the total lumen of its venae 
comitantes (usually two in the case of the smaller arteries, one vena coinilans in 
the case of the medium-sized), the ratio being about one to three. Hence, of any 
two vessels in close proximity to each other, the vein would more likely possess 
the larger caliber; the artery, on the other hand, would have the thicker wall. 

As compared with the arteries, the veins arc notably deficient in elastic and 
muscular tissue. In the wall of most veins the while fibrous is in excess of all 
other tissues. For this reason the adventitia is almost invariably the thickest of 
the three coats of the vein, whereas m the artery the media is always the thickest 
coat. 

The internal elastic membrane, which can he readily recognized even in the 
smaller arteries, is limited to the large veins. Alternating layers of elastic and 
muscular tissues are to be seen even in the medium-sized arteries, but this 
arrangement is likewise confined to the largest of the veins. The wall of tlie 
vein as a whole is much thinner in proportion to its lumen than that of the cor- 
responding artery; it is also less rigid. For this reason the wall of the vein is 
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largest veins. In tlicse vessels also, a very incontplele external- elastic membrane 
may be demonstrated by the sjxicific stains for clastic tissue. 

Nerve fibers and niiniUe blood vessels, vasa vasorum, occur in this coat and 
distribute their terminal branches to the two outer coats of the vessel. The intima 
of the vein, as in the artery, is nonvasailar. The venae vasorum of veins empty 
directly into the lumen. 






Fic. 322 .— Transectio.s of the Wail of tiif. Human Infzsior Vena Cava. 
a, tunica intima; b. tunica media; e, tunica adventitia. The inner portion of the tunica 
adventitia contains numerous bundles of longitudinal smooth muscle fibers which have been cut 
across X90. 


Atypical Veins. — In certain tissues the veins present noticeable departures 
from the typical structure. Longitudinal muscle fibers are found in many of the 
larger veins of the abdominal and thoracic cavities. 

The cephalic, basilic, mesenteric, common iliac, femoral, saphenous, uterine 
and the dorsalis penis veins contain small longitudinal muscle bundles in the 
intima Certain veins, c.g , gaphenous, femoral, and popliteal, contain a -layer of 
longitudinal muscle in the intimal portion of the media. 

The suprarenal veins contain, almost exclusively, longitudinal muscle fibers, 
and in the renal, suprarenal, portal, splenic and phrenic veins and the inferior 
vena cava these fibers form the greater portion of the tunica adventitia. 

In the pulmonary veins the circular muscle fibers are highly developed, the 
tunica media of these veins almost equaling in thickness that of the correspond- 
ing pulmonary artery. As in other large veins, however, elastic tissue is notably 
deficient in the tunica media of the pulmonary veins. The muscle of the roots 
is partially of the cardiac type. ^ ‘ _ 

The tunica media of the largest veins, eg., the venae cavae, jugular, innomi- 
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in the shape of tubes and solid nucleated sprouts (angioblast cords, Bremer) 
and, converging to form two large vessels, invades tiie tissue of the embryo 
in the region of the developing heart as the vilcHiitc veins. Subsequently other 
vessels, both arteries and veins, appear in the cmbr\o. Such vessels arc pre- 
ceded by capillary plexuses, as demonstrated by Evans,” in which the definitive 
vessels arise as paths in the original network selected, enlarged, and modified 
under the influence of mechanical factors incident to the flow of the main stream 
of the blood. There can be no doubt tliat the 
original primordia of the blood vessels arise by 
a confluence of separate siJaces (angiocysts) 

— possibly always connected by angioblast 
cords — and tubes formed in the angioblast; 
likewise there is no doubt that the embryonic 
blood vessels sprout as tubes and solid cords 
and thus grow into adjacent regions (Fig. 

216). But the features of vasculogenesis con- 
cerning which there remain decided diflferenccs 
of opinion are (i) the nature and origin of 
the angioblast, that is whether of mesodermal, 
entodermal or of dual origin; (2) the manner 
of origin of the primary vascular stems in the 
embryo, whether by invasion through growth 
from the extra-embryonic primitive \'ascular 
area, or by a process in the body mesenchyma 
similar to that through which the primitive 
vessels arose in the yolk sac (umbilical vesicle). The evidence seems to favor the 
mesodermal origin of the angioblast. The advocates of vasculogenesis by invasion 
(Evans, Minot, Bremer and others) regard the original angioblast, very early dif- 
ferentiated from mesenchyma, as the sole future source of endothelium, to which 
IS ascribed a strict specificity throughout development. The advocates of the in situ 
method of origm (Maximow, Schulte, Miller and McWhorter, Reagan and Thor- 
ington and others), on the contrary, conceive early vasculogenesis as a process of 
progressive fusion of tissue spaces and mesenchymal cells involving a continued 
differentiation of endothelium from mesenchyma. 

The total evidence seems to favor the view that in earliest stages blood vessels 
may arise in the mesenchyma of the embryo and that these primitive stems may 
be added to by discrete primordia all of which may fuse to form the vascular net 
out of which develop the future main vessels. 

The vessels o£ later embryonic and fetal stages probably arise solely as sprouts 
from these earlier stems. 

The chief point of uncertainty concerns the point in time when vasculogenesis 
passes from a process including sprouting and fusion of separate primordia, to one 

* Evans, 1909. 



Tic 223 .— a 13 Millimeter Human 
Emervo. 


The chorionic vesicle is cut open, 
revealing the embryo enveloped in the 
ammon, and the yolk sac (v.J ). Xij4. 
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much more likely to collapse after death than is the thicker and more rigid 
arterial wall. Because of the preixmderancc of muscle in the wall of the artery 
its contraction in rigor mortis is more powerful than that of the vein; the vein 
therefore is apt to be disten<lcd with hloor] while jJtc artery contains hut little. 
A certain number of blood cells can usually he found in almost any type of blood 
vessel. 

I^akrs occur at intervals of considerable length along the course of the larger 
veins. These arc not found in the arteries. Each valve consists of one, usually 
two, and occasionally more crescentic folds or reduplications of the tunica intima 
between which is a sliglitly increased amount of connective tissue, the clastic 
fibers of which arc more abundant on the side next the lumen. The valves there- 
fore arc suspended free in the lumen of the vessel and arc covered on either side 
with a layer of endothelium which is continuous xvltli that fining the vein. 

The valves open with and close against the blood current. They occur gen- 
erally distal to the point of entrance of venous tributaries. They arc more abun- 
dant in the veins of the extremities and arc lacking in the superior and inferior 
venae cavac, in the hepatic, pori.il, renal, uterine, pulmonary, umbilical, cerebral 
and meningeal veins, in the veins of bones, and generally in veins of less than 
2 millimeters diameter. They oliviotisly assist the flow of blood \o the heart 
against the influence of gravity and prevent the reflux of blood. According to 
Krogh (’22) all veins of striped muscle, down to tbe smallest branches, are pro- 
vided with valves. The general aliscncc of valves In the veins of the abdomen and 
thorax, and their abundance in the veins of the extremities, especially the lower, 
is probably to be interpreted in terms of a quadrupedal ancestral condition. 

Edwards * states that the veins at the site of a valve have an elliptical shape 
In transverse section, the major a.xis of the ellipse being parallel with the skin. The 
two cusps of the valve arise from the long curves of the ellipse, and the aperture 
between the free margins of the cusps is also parallel to the overlying skin. 

The fact should be borne in mind that it is because of their relative infre- 
quency that valves are not often met with in those transections of the smaller 
veins which are seen in nearly all microscopical preparations. 


DEVELOPMENT OF BLOOD VESSELS 

The earliest primordium of the blood vascular system is a mesenchyma-hke 
layer, the angiohlast, which appears bet%veen the entoderm and mesoderm at the 
distal pole of the yolk sac (Fig. 223) at a very early stage of the embryonic de- 
velopment (i millimeter, Mmot). In this layer appear accumulations of rounded 
cells in the form of anastomosing irregular solid cords. The peripheral cells become 
flattened to form an endothelial tube; the central cells separate and scatter in the 
vessels as primordial blood cells floating in a plasma, probably a secretion product 
of the cells. This network of primitive blood vessels grows toward the embryo 


•Edwards, 1936- 
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in the shape of tubes and solid nucleated sprouts (angioblast cords, Bremer) 
and, converging to form two large \’cssels, jiirades the tissue of the embryo 
in the region of the developing heart as the vitelline veins. Subsequently otlicr 
vessels, both arteries and veins, appear in tlic cnihrso. Such vessels arc pre- 
ceded by capillary plexuses, as demonstrated by Evans, in which the definitive 
vessels arise as paths in the original network selected, enlarged, and modified 
under the influence of mechanical factors incident to the flow of the main stream 
of the blood. There can be no doubt that the 
original priniordia of the blood vessels arise by 
a confluence of separate spaces (angiocysts) 

— possibly always connected by angioblast 
cords — and tubes formed m the angioblast; 
likewise there is no doubt that the embryonic 
blood vessels sprout as tubes and solid cords 
and thus grow into adjacent regions (Fig. 

216). But the features of vasculogencsis con- 
cerning which there remain decided differences 
of opinion are (i) the nature and origin of 
the angioblast, tliat is whether of mesodermal, 
entodermal or of dual origin; (2) the manner 
of origin of the primary vascular stems in the 
embryo, whether by invasion through growth 
from the extra-embryonic primitive \'ascular 
area, or by a process in the bo<ly mesenchyma 
similar to that through which the primitive 
vessels arose in the yolk sac (umbilical vesicle). The evidence seems to favor the 
mesodermal origin of the angioblast. The advocates of vasculogencsis by invasion 
(Evans, Minot, Bremer and others) regard the original angioblast, very earlv dif- 
ferentiated from mesenchyma, as the sole future source of endothelium, to which 
is ascribed a strict specificity throughout development. The advocates of the si'/ii 
method of origm (Maximow, Schulte, Miller and McWhorter, Reagan and Thor- 
ington and others), on the contrary, conceive early vasculogenesis as a process of 
progressive fusion of tissue spaces and mesenchymal cells involving a continued 
differentiation of endothelium from mesenchjTna. 

The total evidence seems to favor the \dew that m earliest stages blood vessels 
may arise m the mesenchyma of the embryo and that these primitive stems may 
be added to by discrete primordia all of which may fuse to form the vascular net 
out of which develop the future main vessels. 

The vessels of later embryonic and fetal stages probably arise solely as sprouts 
from these earlier stems 

The chief point of uncertainty concerns the point in time when vasculogenesis 
passes from a process including sprouting and fusion of separate primordia,°to one 


Fic. 223.— A 13 Millimeter Human 
Embryo. 

Tlie cliononic vesicle is cut open, 
rocaling the embryo enveloped m the 
amnion, am] the jolk sac (y.J.). XiJ^ 


® Evans, 1909. 
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where extension is exclusively by terminal growth. Both arteries and veins have 
a like origin in capillary plexuses. 

The final anastomosing sprouts of endothelium represent the definitive capil- 
laries. The development of the definitive wall of arteries and veins involves the 
formation of extra-endothelial layers of muscvilar and connective tissue elements 
from the surrounding mesenchyma, and their association into the several tunics of 
the various subdivisions of these vessels. 

The essential matters in the foregoing chapter have been summarized in the 
table on page 186. 


HEART 

The wall of the heart consists of interlacing bundles of cardiac muscle fibers, 
the myocardium, which are covered externally by the cpicardimu, a serous mem- 
brane which forms the visceral la>er of the pericardium. Internally the muscular 
wall of the heart is lined by the ctido- 
cardium, which resembles the serous 
membranes in that it consists of pave- 
ment epithelium supported upon a layer 
of fibro-elastic connective tissue. The 
endocardium lines all the cavities of 
the heart, and its endothelium is di- 
rectly continuous with that of those 
arteries and veins which are connected 
with the cavity of the heart. Thus the 
entire vascular system— heart, arteries, 
capillaries, lymphatics, and veins— may 
be said to be lined by an uninterrupted 
sheet of pavement epithelial cells, the 
endothelium. 

Myocardium. — The muscle fibers 
of the myocardium are so disposed as 
to form long bundles which by their 
figure-of-8 arrangement are interw'oven 
with one another to form a dense interlacing mass of muscle bundles. The bundles 
of the ventricular myocardium begin in tendons inserted into the atrioventricular 
ring of one ventricle and end in papillary muscles of the opposite ventricle. Because 
of the irregularity of their disposition, transactions of the cardiac wall present 
sections of muscle fibers cut in every conceivable direction. 

Between the muscle fibers is a very delicate framework of fibrous connective 
tissue, the endomysium, which surrounds the muscle fibers and supports the 
abundant capillaries, arterioles, and venules, with which they are supplied. The 
proportion of connective tissue in the normal myocardium as compared with the 
muscle is, nevertheless, very small. 



Fig 234 — ^N'asoformative Cells from the 
Mesentery of a Rabbit Se\en Days Old 
g s , red blood cells ; h, nucleus of the vascular 
encfoihelium; p, points of growth, at which ex- 
tension occurs Highly magnified. (Ranvier.) 



Media (elastic tissue) Media (smooth muscJe) Adventitia 

Large artery (typically elastic) . . Comprises about one-half of Small relative amount— com- Relatively verj- thin 
the entire wall prises about one-third of w-all 
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of endothelial origin (Mall). In this membrane is a network of elastic libers, 
and a small amount of smooth muscle. The endothelium of this membrane is 
continuous with that of those blood vessels which open from the cavities of the 
heart. Its connective tissue also forms a continuous layer with that of the tunica 
intima of these vessels ; in fact, the three coals of the cardiac wall — endocardium, 
myocardium, and epicardium — might well be compared with the corresponding 
three coats of the arterial and venous walls — the intima, media, and adventitia. 
In either organ, the inner coat consists of a lining membrane of endothelium, 
and a supporting membrane of connective tissue; muscle in large part composes 
the middle coat, while the outer coat is typically a connective tissue layer. 

Valves. — At the cardiac orifices the entire thickness of the endocardivrm is 
folded upon itself to form a double layer, between the folds of which an inter- 
vening stratum of dense fibro-elastic tissue is inserted. These endocardial folds 
form the cardiac valves The number and shajic of their cusps are dependent upon 
the location. The semilunar valves of the aortic and pulmonary orifices consist 
of three crescentic endocardial folds; at the atrioventricular orifices the tricuspid 
valve consists of three, the bicuspid or mitral of two, folds. 

The margin of the valvular cusp or fold is extremely thin; just w’itlun the 
margin, however, the central mass of dense fibrous tissue is somewhat thickened 
to form, in each cusp, a dense rim which during valvular closure secures the firm 
and accurate appro.ximation of the free margins of adjacent cusps. At the apex 
of the valvular cusp, where the adjacent fibrous margins of the valve meet, the 
dense connective tissue, particularly in the semilunar valves, is considerably thick- 
ened to form a nodule, the cor(<us ar<T»/». These corpora or noduli, in the aged, 
are frequently subject to calcareous infiltration. 

Muscular fibers are continued from the adjacent cardiac wall into the dense 
fibrous tissue at the base of the valve, except m the case of the semilunar valves 
of the pulmonary and systemic aortae. This muscle is generally nonstriped, and 
probably functions as a sphincter. The base of the valve is also surrounded by 
a Ting of fibrous tissue, the annultis fibrostts, whose interlacing bundles are so 
closely packed as to give them an almost cartilaginous feel. At the atrioventricular 
orifices, these fibrous rings are continuous with the atrioventricular septum, from 
which the muscle bands of the myocardium take their origin. 

Chordae Tendineae. — ^These are firm, unyielding cords, composed of parallel 
bundles of dense collagenous fibers, with a few elastic fibers, and covered with 
a thin endocardium continuous with tliat of the ventricular w'all and cardiac valve. 
These fibrous bands unite the apices of the papillary muscles to the ventricular 
surfaces of the mitral and tricuspid valves. At the apex of the papillary muscle 
the fibrous bundles of the chordae intermingle with the muscle fibers, and are 
continued into the endomysial connective tissue, which is especially abundant in 
those portions of the myocardium. At their valvular attachment the fibrous bundles 
of the chordae tendineae turn almost at right angles, and spread out, in a somewhat 
radial manner, to become continuous with the dense fibrous tissue which forms 
the interior of the valve. 
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111 certain portions of tlie myocanlmm connective tissue is more abundant. 
Thus it is slightly increased in the vicinity of the endocardium, in the papillary 
inu'icles, and near the bases of the cardiac valves. At tlie surface of the heart, 
beneath the cpicardiuni, csiiecially in the various grooves on the surface of the 
heart, the connective tissue is still more abundant, and may contain groups of 
fat cells. It is through these accumulations of connective tissue that the larger 
blood vessels arc distributed to the myocardium. 



Fic 225.— -StcTiovs or ATntov£NTRicui.AR DoNDtr, FROM THE Heart of the Beef. 

A, transverse section of smaller sulxlivision of il)c left limb, showing ,thc pericellular 
lymphoid spaces and the connective tissue capsular stroma. B, transition area between atrio- 
ventricular bundle and myocardium of the moderator band. The upper portion of this illustration 
shows Purktnje fibers, the lower portion shows myocardium with band disks. Xiooo. 

Epicardium. — The epicardium represents tire visceral layer of the pericardium 
and like the other serous memhranes, consists of a layer of pavement cells, so 
joined edge to edge as to form a complete mesothelial coat. Here and there the 
mesothelium presents small openings at the angles between its cells ; these stomata 
are surrounded by minute, finely granular cells and are perhaps connected with 
the lymphatic vessels. 

The mesothelium of the epicardium is supported upon a thin layer of dense 
areolar tissue in which are many small blood vessels and lymphatics. Fibers from 
the deeper surface of this layer are prolonged into the myocardium to become 
continuous with its endomysial connective tissue. The larger of these connective 
tissue trabeculae accompany the branches of the larger arteries and veins which 
are distributed to the muscular wall of the heart. 

Endocardium. — ^The endocardium consists of a lining membrane of polygonal 
endothelial cells supported upon a thin layrer of delicate fibrous connective tissue. 
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in every species of mammal investigated. It consists of a dense meshwork of 
cardiac muscle fibers rich in sarcoplasm. It has the form of a band taking origin 
in scattered fibrils in the posterior wall of the right atrium near the septum in 
the atrioventricular groove (sinus region; hence, stnovcntricular conducting sys- 
tem, Retzer, 1908). It courses forA\'ard in the interatrial septum into the upper 
anterior portion of the interventricular septum, where it divides into two limbs 
which branch profusely and spread out in a complicated system of terminal 
branches, the subendocardial Purkinje fibers. Macroscopically the bundle has a 
gra3'ish appearance. Where it passes from the interatrial to the interventricular 



Fig 227. — Reconstruction of the Sl^o^ENTR^c\JLA!l System (Bunble of His) of the 
Calf’s Heart. 

(De Witt.) 

septum (pars membranacca septi) it expands into the so-called node. In man the 
right limb is much smaller than the left. The node has a length of approximately 
6 millimeters and a diameter of 2 millimeters. 

The bundle of the calf’s heart has been reconstructed by De Witt.^° Curran 
has described a constant bursa or lubricating mechanism in relation with the 
bundle, furnishing protection against friction during contraction of the heart He 
describes “its connection with all parts of both auricles through three large trunks 
and a number of smaller twigs, and not, as was once thought, merely arising in the 
right auricle only.” 

Tawara» first carefully described the histology of this bundle in several mam- 


Win, 1909. 
Curran. 1909 
Tawara, 1906. 
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Oolumnae Oameae. — The coltininae canicac arc coitinicliifonn projections of 
the myocardium into the ventricular cavity. Tlicy consul of cardiac muscle fibers, 
largely of the Purkinje fihcr variety, wliidt are disposed in their long axis, and 
are covered by reflections and ralnplicalions of the endocardium. The irregular 
contour of the ventricular cavities ap|iears to be entirely due to the projecting 
coUtmnae carncac. 

These muscular columns may present any one of three modes of attachment 
to the myocardium: (l) they may lie attached alonp their entire extent; (2) they 
may he attached only at their two ends, the muljjorlion being free; (3) they may 
be attached to the myocardium at one end only, the other end projecting into the 


Fie 226 — Human Heart OrENro from the Richt to Snow the ATR’tn'EXTRicutAR 
OvNOLE OP His. 

The idustration shows also a heart raUc, die chordae tendmeae. and the papjUary musetes 
(Curran ) 

ventricular cavity as a fapiUary muscle, from whose apex chordae tendineae pass 
to the aunculoventricular valves. Either of the last two forms may, in transections 
of the ventricles, appear as isolated islands of muscular tissue surounded by endo- 
cardium and lying apparently free within the cavity of the ventricle. Columnae 
carneae which span the ventricular cavi^ constitute moderator bauds. One such 
band is frequently present in the right ventricle near the ape.x, and occasionally 
one appears m the left ventricle. 

Atrioventricular Bundle. — ^Thc atrioventricrilar bundle of His was discovered 
in the human heart by His, Jr . in 1893 Previously in the same year it Jiad been 
noted by Kent in the heart of a number of mammals. It has since been seen 
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the larger veins being always found in the broader connective tissue septa. In 
the right atrium certain small veins, the venae minimac (thebesian veins), empty 
directly into the cavity of the heart. 

The lymph supply is very abundant and intimate. The Ijmph vessels form 
two superficial plexuses, the endocardial and the epicardial, both draining into the 
larger lymph vessels at the base of the heart. 

Nerve Supply. — The nerve supply of the vasailar system is by means of fine 
branches from the cerebrospinal and sympathetic systems. In the heart these 
minute nerve trunks end in the various cardiac ganglia, most of which are found 
in the connective tissue of the heart, c.g., the coronal plexuses about the orifices 
of the aorta and pulmonary artery. From these ganglia sensory nerve fibers are 
distributed to the endocardium and epicardUim, and motor fibers to the myo- 
cardium. The most of the former are connected with the vagus, the latter with 
the sympathetic trunks. Through both the vagus and the sympathetic trunks are 
distributed also efferent cerebrospinal fibers: the accessory' nerve contributes “in- 
hibitory” fibers through the vagus, the cervical spinal nerves through the inferior 
cervical ganglia contribute “acceleratory” fibers. 

From the cardiac ganglia branches pass to form a coarse plexus in the con- 
nective tissue between the muscle bundles, the perimysial plexus, from the branches 
of which a fine plexus is distributed to the endomysium. The terminal branches end 
in relation with the surface of the muscle fibers. 

The immediate stimuli of heart action are now identified as hormones or 
“neurohumors/’ liberated at the nerve terminals. Two such neuronal hormones arc 
recognized and designated as sympalhm and acetylcholine; they have antagonistic 
effects. It is now generally believed that the vagus impulses produce their effect 
on the heart, a slowing and weakening of the beat, by liberating acetylcholine : and 
that the sympathetic impulses produce thetr effect, an acceleration and intensifica- 
tion of the beat, by the liberation of sympathin among the fibers of the muscular 
wall of the heart. Recent investigations strongly indicate that so-called sympathin 
is identical with adrenaline.*®- *” 

The pericardium contains numerous encapsulated nerve endings (corpuscles of 
Golgi and Mazzoni). According to Martynoff*’ unencapsulated endings also are 
present, of three types* coils, dendriform terminal ramifications, and modified 
dendriform endings. He describes also naked terminal filaments ending on the 
bases of the mesothehal covering cells. 

The blood vessels are similarly supplied, minute ganglia occurring here and 
there in the adventitia or adjacent connective tissue. From these ganglia sensory- 
branches are distributed to the adventitia and intima and motor branches to the 
tunica media Naked nerve fibrils can be traced to the smallest blood vessels and 
even m the capillaries terminal fibnilae are found in relation wifb 
ivall. 

*■' Parker, G H , 1935 
Cannon and Lissak, 1939 
Martynoff, 1914. 
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mals, including man. De Witt .subscfjiicnlly extended tlie study in this same field. 
“In the sheep and calf, where the fibers are most typical and most clearly difTcr- 
entiated from the myocardial fibers, llic fillers are much larger than the myocardial 
fibers, with fewer fibrils and much more sarcoplasm.” She descrilies the bundle 
as a muscular syncytium. “Connective tissue and c.si)cclally elastic fibers are much 
more abundant than in the myocardium.” Tlie bundle contains abundant ganglion 
cells and nei^'c fibers. It is also very rich in glycogen. In the ox it is distinctly 
cellular (Fig. 115). 

It would seem, on the basis of its constancy of presence and structure, and 
its probably independent blood and nerve supply, that the atrioventricular bundle 
has a function independent of the myocardium. Tins is of the nature of a neuro- 
muscular end-organ (Retzer; De Witt), providing for the conduction of the 
impulse to contraction, and the coordination of the atrial and ventricular rh}thm. 

A muscle bundle of closely similar siniclurc intimate!)' related u'lfli the vagus 
and sj’mpathetic nerves, the shio-alnat node, has been described by Keith and 
Flack (1907) at the juncture of the sinus venosns and the atrium. It is believed 
to be the place of origin of the impulse to the heart beat, from which it is trans- 
mitted to the atrioventricular bundle. 

Laurens has described an analogous muscular connection between auricles 
and ventricles in certain reptiles, where it assumes the form of an inverted funnel- 
shaped tube. 

Development. — ^The priniordium of the heart arises from the fusion of a 
pair of parallel endothelial tubes in the paramcdial angioblast, each surrounded 
by primitive mesenchyma. Tlie endothelium of the resulting sac differentiates into 
the endocardium of the definitive heart, while the connective tissue and muscle 
develop from the mesenchyma in a manner essentially similar to that described 
for the blood vessels. 

Blood Vessels. — ^The heart is supplied with blood through the two coronary 
arteries These are branches of the aorta, arising at its base, at the sinuses of 
Valsalva. The larger branches of the coronary arteries pursue their course beneath 
the epicardium in the superficial grooves of the cardiac wall. From these large 
arteries, smaller branches are distributed to the epicardium and to the muscular 
wall, the latter vessels penetrating as far as the endocardium, in whose connective 
tissue they form a meager capillary plexus. ^linute blood vessels may persist from 
the fetal condition in some of the valves in a small percentage of hearts, occurring 
most frequently in the aortic leaflet of the mitral valve.** The coronary arteries are 
peculiar in that the media is divided into two lamina by a fenestrated membrane. 

The capillaries of the myocardium are extremely abundant. They form elon- 
gated meshes between the muscle fibers, the circumference of each muscle fiber 
being in relation with several capillary vesseb. The veins return the blood from • 
these rich capillary plexuses and pursue a course similar to that of the arteries, 


18 Laurens, 1913 
n Kugel and Gross, 1926. 



195 


THE RED BLOOD CELL 

crons’ varying in size from 0.5 to l.o micron. Tlie number varies with the fat 
content of the food and the time following a meal. The chylomicrons are best seen 
with the dark field microscope. In dry smear preparations they may be confused 
with the hemoconia ("blood dust"), the fragments of disintegrated effete blood 



Fic 228— Fibrin Fibrils, and Group of PtAmETS (f). (Ellenbcrger find V. Schumacher.) 

cells. After the digested fat has passed through the intestinal mucosa it is carried 
via the lacteals, thoracic duct and right lymphatic duct to the blood stream where 
It appears as chylomicrons. These are converted in part into lecithin in the liver. 
Lecithin is absorbed by the membrane of the red blood corpuscles and constitutes a 
variable component of that structure. 

THE EED BLOOD CELL 

The cells of the peripheral blood comprise the so-called erythrocytes and the 
leukocjtes. Since the red “cells” in the definitive condition are anudeate, they are 
more appropriately designated crylhroplaslids or red blood corpuscles. They are 
biconcave disks, the btconcavity representing a compensatory bipolar collapse of 
the originally spheric cell follow’ing the appearance of a central cavity as a result 
of the resorption or extrusion of the nucleus. In profile view these corpuscles haw 
the form of a dumbbell. A variable small proportion of the red corpuscles has a 
saucer or cup shape.*- *■ ® This shape signifies a secondary modification, the initial 
result of the operation of either mechanical or osmotic factors. The discoid cor- 

® Gage and Fish, 1924 

* Weidenrcich, 1905 

* Lewis, F. T, 1904. 

* Minot, 1900 
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BLOOD 

The circulating blood and its source of origin, the red hone marrow, constitute 
an integral organ conveniently designate! tlic **erylhro».” ^ This organ comprises 
a parenchyma and an interstitial tissue or stroma, as shown In summary in the 
following table. In the circulating l)loo<I the ptasina represents the interstitial tissue, 

ERYTIinON 
Circulating blood 
Cells (red blood corpuscles) 

Plasnu (interstitial tissue) 

Organ of origin (bone marrow) 

Blood cells (parenchyma) 

Interstitial tissue! , 

(reticulum 

the definitive red blood cells constitute the parenchyma; in the bone marrow the 
stroma comprises the reticular connective tissue and fat, red blood cells at all stages 
of development forming the parenchyma. The white blood cells, also produced in 
part in the bone marrow, arc not strictly a component of the erythron. The blood 
and bone marrow constitute eacli approximately 5 per cent of the body weight. 
The cells of the circulating blood occupy from 40 to 50 per cent of the total volume. 
The total volume of the erythron, exclusive of plasma and fat, is approximately 
3500 C.C., which represents an organ considerably larger than the liver. 

When blood begins to dot an additional morphologic element appears, namely 
fibrin. These fibrin fibrils enmesh the blood cells and produce a Ihrombus. Accord- 
ing to a generally accepted theory of coagulation, both fibrinogen and prothrombase 
occur in solution in the plasma. Thrombokinase (cephalin) is liberated by the blood 
platelets. The thrombokinase in the presence of calcium converts the prothrombase 
into the active enzyme thrombase (//iroi«&»«), which precipitates fibrin from the 
fibrinogen. The defibrinated blood plasma constitutes the jrruMi. Howell - compares 
the process of clotting to crystal formation, “an aggregation of the invisible par- 
ticles (amicrons) to visible particles and then the further consolidation of these 
particles into rigid looking needles." Vitamin K is necessary for the normal pro- 
duction of prothrombase. 

Ordinarily the blood plasma contains small spheric lipoid bodies, the chylomi- 


1 Boycott, 1913 

2 Howell, 1914- 
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The daily blood destruction involves a loss of twenty-five grains of hemoglobin 
from the circulating blood, which mvtst also be replaced, probably through the 


medium of the reticuloendothelial system, especially those 
portions resident in liver, spleen and bone marrow. The 
total surface area of tlie red blood corpuscles is approxi- 
mately 3.000 square meters, about fifteen hundred times 
the surface of the body. 

The red elements of all mammals are non-nucleated. 
The lower forms have nucleated elements (erjihrocytes), 
frequently of ellipsoidal form, ilammalian red elements 
of greatly divergent sizes (2.5 in musk ox; 9.4 ft in 
elephant ; dog, 7.5 //) are all of circular outline, except 
those of the camehdae (llama, camel, etc.) which are 
elliptical. The erjthroplastids are generally believed to 
be inclosed by a delicate membrane, and to contain a 
very delicate stroma (spongioplasm) and fluid matrix 
(hyaloplasm, with hemoglobin). The red corpuscles have 
a tendency when exposed, as In a drop mounted under a 
cover slip, to arrange themselves in rows, like coins in 
a pile, concave surfaces apposed, forming rouleaux. Drop 
preparations show after a short time also an increasing 
number of plastids with puckered or spiny surfaces. 
crciiatcd corpuscles. This condition results from evapo- 
ration producing a medium of greater density than that 
of the normal blood plasma. Any medium of density 
equal to that of the plasma of any particular blood is 
spoken of as an isolonic solution for that blood. Tlie 
solution in most common use for human blood is a 09 
per cent solution of sodium chloride in distilled uniter. 
Solutions of higher density are hypertonic; these produce 



Tic. 2^0. — nLooD Cflls 

FROM A SrrciMFX OF 

Fresiilv Drau.v, U.v- 
STAINED Human* Blood. 
/t, red blood corpuscles, 
deep focus, sliowing a light 
center and dim margin; 
tlie same with a higher 
focus ; the center, being 
slightly out of focus, is dim 
while the margin is light; 
C, crenated red corpuscles 
from the margin of tlic 
preparation; a, deep focus; 
b, higher focus; D, two 
polymorphonuclear leuko- 
c>'tes ; E, large mononuclear 
leukocyte. X 750. 


exosmotic currents causing destruction leading through crenation. Solutions of 
lower density, for example, water, are hypotonic; they produce destruction (hemol- 


1 d © 66 

Fig. 231 — Diagrams 
Showing the Action of 
Water upon the Red 
Blood Corpuscle. 
a, tlie corpuscle in pro- 
file; b‘C, various stages m 
the transformation which 
leaves only a shadow, e 
(Schafei.) 


ysis) through endosmosis causing swelling, a stage of 
which shows a saucer-shaped corpuscle. This is accom- 
panied by laking. or extraction of hemoglobin, giving 
rise to blood shadozvs; and final bursting, leaving a 
debris called Iicmoconia. 

The number of red corpuscles in the blood is subject 
to constant variation between wide limits. Many physio- 
logic conditions influence their total number, as well as 
the relative proportion of red elements to the white. The 
average number of red corpuscles in the adult male is 
about 5.000,000 per cubic millimeter. In young robust 
persons the number may be considerably higher. The 
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piisclcs have a diameter in smears of approximately 7.5 microns; suspended in 
plasma they measure 8 8 microns. They arc enveloped hy a lipoid memhranc and 
consist essentially of a very limited cytoplasmic stroma supporlinR the hcmoslohin. 
probably in antorpUous condition. .The hcmoj;loh‘m content rciirescnts ahoul 35 per 
cent of the volume. The most eflicicnt mcclianism for the transport of oxygen is 
one where all of the hemoglobin is readily accessible for chemical union. This 
condition is met perfectly hy the biconcavc-<lisk form of the cr^tliroplastid. Xo 



Fig 229.— From a Freshly Pretared, Unstained Specimen of Human Blood. 

Three leukocytes, an eosinophtl, a polynuclear, and a lymphocyte, are represented. Many 
red blood corpuscles (erythroplastids), some lying flat, some in rouleaux and in profile, arc 
also shown X 1200, but reduced somewhat in reproduction. (Schafer.) 

part of the disk is more than 0.85 micron from the surface. In a spheric corpuscle 
of the same volume the. center would be at least 2.5 microns from the surface. 
Moreover, such spheric corpuscles are estimated to have a surface area 20 per 
cent less than that of the biconcave disk. 

With the data of normal blood volume (5 per cent of body weight; S to ^ 
liters) and the number of red blood corpuscles per cubic millimeter of blood 
(5,000,000), an estimation of the total number of erjthroplastids is readily made, 
namely, twenty-five trillion. It is now generally agreed that the duration of life 
of the red blood corpuscle is about thirty days.’'* ® On this basis approximately 
750 billion red corpuscles would disintegrate every twenty-four hours, or from 
seven to ten million every second. These must be replaced from the bone marrow. 


T Ashby, 1919 

8 Escobar and Baldwin, 1934. 

9 Gordon and Klemberg, 1938 
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(c) granulocj'tes 
neutrophilic 
eosinophilic 
basophilic 

platelets (thromboplastids) 
In bone marrow 
megakaryocytes 
plasma cells 
Russell-body cells 
mast cells 


Lymphocytes. — ^The lymphocytes are separable into three varieties: large, in- 
termediate and small. These are genetically related and connected by transitional 
stages Large lymphocytes divide to produce medium-sized daughter cells, which 
latter may again divide to produce small lymphocytes. Small lymphocytes grow to 



Fic. 235 ~A Group of Ceu.s from Normal Human Biood. 

a. small lymphocyte; b. medium-sized bmpliocyte; r. lanre IvmnhwvtP 

azurophilic granules) ; d, monocyte, e. eosinophil leukocyte ncufronljl 

leukocyte, g. basophil leukocyte, h, red blood corpuscles in surface vie^v ^ ^ ° phonuclear) 

platelets. Wrisht’s stain. X J200. rpuscies. m surface view, i, a group of Wood 


.ntermecirate sue and may subsequently grow to large size. Lymphocytes o£ all 
sues have common cytologic features; relatively large spheric nucleus and narr 
envelop of basophiUc cytoplasm. In dry smears stained with Wright's stain tT'’ 
cytoplasm may show a variable small number of azurophilic (metachfom.f s * 
ulcs. The nucleus appears chromatic, with the chromatin Lr the most n 
ranged m relatively large angular or rounded blocks, some adferem ^ 

wall. Ughtly Stamed with Heldenhain's iron hematoxylin a 
a..cer„,hle in some of these cells. With the usual stains the ehromat' nudeX 
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Fig 232. — ^Two Retico- 
LATCD Reb Dt-oon Cor* 
PUSCLES (Reticulo* 
CYTFs) Showing the 
Stainable Network 
Stained Supravitally 
WITH Brilliant Cresvi. 
Blue. X 1200. 


numljer may also be much reduced by considerable 
hemorrhages or by the imbibition of large quantities 
of fluid. Profuse perspiration tends to produce concen- 
tration of the blood and an apparent increase in the 
number of its corpuscles. The number of red blood cor- 
puscles in the female is slightly less than in the male, 
almut 4.500,000 per cubic millimeter. The average life 
of an erytliroplastid is approximately 30 days. Accord- 
ing to Woarn, Warren and Ames it may he close to 
100 days. In the guinea-pig the longevity of the ciythro- 
cytes is given as from 22 to 28 days. 



Fig. 233. Fic. 234- 

Fic 233.--Fn’E Nucleated Rro Cfxts (Ervtubocytes) from the Blood or a Frog. 
Eosin-mctiiytcnc blue. Bastings’ method. Xi2oo. 

Fig. 234.— Three Red Blood Cllls rRO\t the Marrow or a Human Rib. Xtaoo. 


the white blood cells 


The leukocytes of the circulating blood comprise the lyinf'hocylcs, the j»o»oc_v/ej 
and the granulocytes. In addition, there occur granular plastids, the blood platelets 
or tliromboplastiels. The normally noncirculating leiikoc>tes of the bone marrow 
include megakaryocytes, plasma celts, Russell-body cells and i/iojt cells. Under cer- 
tain pathologic conditions (c.<7 , myelc^enous leukemia) all of the latter group of 
leukocytes may enter the Iilood stream in variable numbers. The following table lists 
the varieties of blood cells. The normal average number of leukocytes per cubic 
millimeter of blood is 8,000. 


Blood cells in 
the circulation 


[Tied — erytliroplastids 
•j (red blood corpuscles) 

(_White — leukocytes 
(a) lymphocytes 
large 
medium 
small 

(&) monocytes 

spheronuclear 

reninuclear 


i®Wearn, Warren and Ames, 1922. 
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Granulocytes- — P. Elirlich in a series o£ communications announced tliat by color- 
ing the leukocytes with various stains he was able to distinguish by their reaction, sev- 
eral types of granules. These he called (o) oxyphil or acidophil, which were deeply 
stained by eosin, acid fuchsin. etc.; (P) 
amphopbil, which were stained both by 
eosin, and by dahlia and like dyes ; (ir) 
basophil, which were stained deeply by 
dahlia, thionin, etc.; ( 3 ) certain cells 
which neither after staining with eosin, 
etc , nor with dahlia, etc., could be made 
to show any granules other than tlie 
nodes of cytoreticulum ; (<) neutrophil, 
which can be stained only by a due ad- 
mixture of acid and basic dyes, such as 
a mixture of fuchsin and methylene 
blue, or the so-called “triacid mixture” 
of Ehrlich. 

The demonstration of these charac- 
teristics presupposed a division ot dyes 
into three primary classes: (i) acid — 
e.g., eosin, orange G, acid fuchsin, auran- 
tia, erytiirosin, (a) basic — c.g , methyl- 
ene blue, dahlia, thionm, hematin; (3) 
neutral — which are only formed by the 
interreaction of examples of e.ach of the 
two preceding classes; the neutral dye is 
supposed to arise de novo in such mix- 
tures, as a result of chemical reaction. 

The application of such a classifica- 
tion of stains to other tissues th-an the 
blood has, however, been found to pre- 
sent considerable difficulties. 

According to Kite the cytoplasm of the polymorphonuclear leukocytes has 
nothing of the nature of a cell membrane. These cells are described as completely 
naked, and are said to contain neither spongioplasm nor hyaloplasm. “The cyto- 
plasm is a jelly m which are embedded large numbers of globules.” The structures 
usually termed cjtoplasmic granules arc of the nature of separation products; they 
do not grade into the surrounding cytoplasm. All leukocytes undergo also certain 
definite structural transformations, characterized by the appearance of pseudopods 
changing into vibratile ciha Kite “ suggests that the protoplasmic processes may 
be prominently concerned in pliagocytosis. Under certain conditions erythroplastids 
may be made to protrude similar processes. 

Graiijilocy/« comprise three varieties separable on the basis of their differ- 
ential staining reaction to mixtures of basic and add dyes, c.g„ eosin and methylene 
blue, as in Wright’s stain: ucHtrophilic, eosinophilic and basophilic. These cells 
III definitive condition have a lohulated. polymorphous, "chain” nucleus The 1 
of the has from three to five lobules; that of the eorf/ioA/n?" 

maximum o f three lobules The neutrophils are characterized bv ^ 

“ Kite, 1914 ^ . . ° * 




Ftc. 237 — OuTLixe Drawikcs or Living 
P oUMORPUOXUCLKAR LEUKOCYTES OF RaB- 
BIT. FROM A Drop of Blood Mixes with 
Rincer’s Solution to Which a Small 
Amount of Hirudin had blen Added to 
Prevent Coagulation. 

In the course of half an hour the cells develop 
retractile undulatory processes. 0, hyaline- 
surface phase; x, hyaline layer; b, and c, cili- 
ated phase; d, flagellated phase. Leukocytes 
of all classes of vertebrates undergo similar 
changes. (Kite, J. Inject. D\s., 15:2) 



200 ' 


BLOOD 


cannot be. discriminated from the ordinary cliromatin blocks. Stained siipravitally 
with Janus green B and neutral red tlic cytoplasm reveals the presence of a small 
number of mitocliondria and neutral red IkmIIcs (“segregation apiuratus"). With 
appropriate staining also a Golgi reticular apparatus and a cytocentrum can l>c 
disclosed. From 20 to 35 per cent of the leukocytes of the normal adult are 
lymphocytes, those of smaller size predominating. Nothing is definitely known re- 
garding the duration of life of the lymphocytes t it is generally considered to be 
potentially relatively long in com|)arison with other circulating leukocytes. 

As concerns the function of the lymphocytes two contradictory claims are held. 
One group of hematologists regards the lymphocyte as a definitive, highly special- 
ized cell with important, largely unknown functions. This group ascribes to the 
lymphocytes among their probable functions some connection 
I, o '1 with fat metabolism and immunity, antitoxic and hc-aling 
I reactions. The opjwsing group of hematologists regards the 
lymphocytes as relatively undifTcrcnliated embry’onal cells 

-J with multiple developmental cajiacilics. Among these poten- 

Fic. 236— Gnoup OP tiahtics, possibly in addition to those enumerated above, this 

Tiikfe Small ai^d group recognizes the capacity to difi’erentiate into monocytes, 
Platelfk^^XzS!* granulocyics, and even into erythrocytes. What deter- 

mines which particular developmental cajiacity of these poly- 
valent cells shall gain expression is assumed to be the impingement of a particular 
differential environmental stimulus. For example, the factor of relatively high COj 
tension, such as prevails in the sluggishly moving or static blood of the venous 
sinuses of the red bone marrow, stimulates the clalioration of hemoglobin; bacteria 
and their toxins stimulate the elaboration of neutrophilic granules; tissue debris 
stimulates the elaboration of eosinophilic granules and the differentiation of some 
of the lymphocytes into phagocytic monocytes. The eosinophilic granules presum- 
ably contain an enzyme which renders the tissue debris more readily digestible by 


the monocytes. 

Monocytes. — The monocytes may be classified as spheromiclear and reninuclear. 
These terms are self-explanatory. The spheromiclear are the younger forms of 
monocytes They more closely resemble the parent large lymphocytes. However, the 
definitive monocytes as a group liave certain differential features by which they 
may be discriminated from the large lymphocytes. The nucleus is relatively smaller, 
the cytoplasmic envelop relatively wider. With proper staining with iron hema- 
toxylin a nucleolus may sometimes be disclosed, especially in the spheromiclear 
variety. The chromatin occurs more largely in the form of coarse threads; the 
nucleus has a stringy appearance. A cytocentrum is frequently conspicuous, located 
in the nuclear indentation in the reninuclear variety. The cytoplasm may contain 
also azurophilic granules, sometimes in considerable numbers, and, as compared 
with lymphocytes, more numerous mitochondria and a more voluminous segrega- 
tion apparatus and a somewhat larger Golgi net. The monocytes normally con- 
stitute about 4 per cent of the leukocyte total; they are notably phagocytic for 
fluids and larger particles, and function as macrophages. 
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Granulocytes. — P, Ehrlich in a series of communications announced that by color- 
ing the leukocytes with various stains he was able to distinguish by their reaction, sev- 
eral types of granules. These he called (o) oxyphil or acidophil, which were deeply 
stained by eosin, aetd fuchsin, etc.; (P) 
amphophil, which were stained both by 
eosin, and by dahlia and like dyes; (v) 
basophil, wliich were stained deeply by 
dahlia, thionin, etc.; ( 3 ) certain cells 
which neither after staining with eosin, 
etc., nor with dahlia, etc , could be made 
to show any granules other than the 
nodes of cj^oreticulum; («) neutrophil, 
which can be stained only by a due ad- 
mixture of acid and basic dyes, such .as 
a mixture of fuchsin and methylene 
blue, or tbe so-called “triacid mixture” 
of Ehrlich. 

The demonstration of these clianac- 
teristics presupposed a division of dyes 
into three primary classes: (i) acid — 
c.ff., eosin, orange G, acid fuchsin, auran- 
tia, erythrosin; (2) basic — cj7, methyl- 
ene blue, dahlia, thionm, hematin; (3) 
neutral — which are only formed by the 
interreaction of examples of each of the 
two preceding classes; the neutral dye is 
supposed to arise de uoi'o in such mix- 
tures, as a result of chemical reaction. 

The application of such a classific.!- 
tion 0! stains to other tissues than the 
blood has, however, been found to pre- 
sent considerable difficulties. 

According to Kite the cytoplasm of the polymorphonuclear leukocytes has 
nothing of the nature of a cell membrane. These cells are described as completely 
naked, and arc said to contain neither spongioplasm nor hyaloplasm. “The cyto- 
plasm is a jelly in which are embedded large numbers of globules.” The structures 
usually termed cytoplasmic granules arc of the nature of separation products; they 
do not grade into the surrounding cytoplasm. All leukocytes undergo also certain 
definite structural transformations, characterized by the appearance of pseudopods 
changing into vibratile cilia. Kite ” suggests that the protoplasmic processes may 
be prominently concerned in phagocytosis. Under certain conditions erythroplastids 
ni.ny be made to protrude similar processes. 

Gramilocytcs comprise three varieties separable on the basis of their differ- 
ential staining reaction to mixtures of basic and acid dyes, eosin and methylene 
blue, as in Wright’s stain: veulrophiUc, eosinophilic and basophilic. These cells 
in definitive condition have a lobulated. polynnorphous, “chain” nucleus. The nucleus 
of the neutrophils has from three to five lobules; that of the eosinophil has a 
maximum of three lobules. The neutrophils are characterized by minute granules 

“Kite, 1914 ' ~ 




Fic. 237— Outline Drawings of Living 
P oL^MonrnoxucLEAR Leukocytes of Rab- 
bit, FROM A Drop of Blood Mixed with 
Rincer's Solution to Which a Small 
Amount of Hirudin had been Added to 
Prevent Coagulation. 

In tlie course of half an hour the cells develop 
retractile undulatory processes, a, hyaUtve- 
surface phase; x, hyaline layer; b, and c, cili- 
ated phase; d, flagellated phase. Leukocytes 
of all classes of vertebrates undergo similar 
changes. (Kite, /. Inject. Dts., 1914, 15:2 ) 
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cannot be discriminated from tlic ordinary cJiromatin Idocks. Stained supravitally 
with Janus green B and neutral rc<l the cytoplasm reveals the presence of a small 
miniljcr of mitochondria and neutral red bodies (‘'segregation apiraratuV’). With 
appropriate staining also a Golgi reticular apparatus and a cytocentrum can he 
disclosed. From 20 to 35 per cent of the leukocytes of the nonnal adult arc 
lymphocytes, those of smaller size predominating. Nothing is definitely known re- 
garding the duration of life of the lymphocytes; it is generally considered to be 
potentially relatively long in com;)anson with other circulating Ieukoc>’tes. 

As concerns the function of the lymphocytes two contradictory claims are held. 
One group of hematologists regards the lymphocyte as a definitive, highly special- 
ized cell with important, largely tinknowm' (unctions. This group ascribes to the 
i^mpliocytcs among llicir probable functions some connection 
with fat mctal>otism and immunity, antitoxic and healing 
reactions. The opposing group of hematologists regards the 
lymphocytes as relatively undifTerentiated embryonal cells 
with multiple developmental cajiacities. Among these poten- 
tialities, possibly in addition to those enumerated al>ove, this 
group recognizes the capacity to differentiate into monoc>tes, 
into granulocytes, and even into ciythrocjtcs. What deter- 
mines which {)articular developmental capacity of these poly- 
valent cells shall gain expression is assumed to be the impingement of a particular 
dififerential environmental stimulus. For example, the factor of relatively high COj 
tension, such as prevails in the sluggishly moving or sialic blood of the venous 
sinuses of the red bone marrow, stimulates the claI)oration of hemoglobin; bacteria 
and their toxins stimulate the elaboration of neutrophilic granules; tissue debris 
stimulates the elaboration of eosinophilic granules and the differentiation of some 
of the lymphocytes into phagocytic monocytes. The eosinophilic granules presum- 
ably contain an enzyme which renders the tissue debris more readily digestible by 
the monocytes. 

Monocytes. — ^The monocytes may be classified as spheronuclear and renmuclear. 
These terms are self-explanatory. The spheronuclear are the younger forms of 
monocytes. Tiiey more closely resemble the parent large Iympboc)-tes. However, the 
definitive monocytes as a group have certain differential features by which they 
may be discriminated from the large I^miphocytes. The nucleus is relatively smaller, 
the cytoplasmic envelop relatively wider. Witli proper staining with iron hema- 
toxylin a nucleolus may sometimes be disclosed, especially in the spheronuclear 
variety. The chromatin occurs more largely in the form of coarse threads ; the 
nucleus has a stringy appearance. A cytocentrum is frequently conspicuous, located 
in the nuclear indentation in the reninuclear variety. The cytoplasm may contain 
also azurophilic granules, sometimes in considerable numbers, and, as compared 
with lymphocytes, more numerous mitochondria and a more voluminous segrega- 
tion apparatus and a somewhat larger Golgi net. The monocytes normally con- 
stitute about 4 per cent of the leukocyte total; they are notably phagocytic for 
fluids and larger particles, and function as macrophages. 
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present in eosinophils. Mitochondria are said to be totally absent in the er)-thro- 
plastids of normal adult human blood.'* 

The noncirculating leukocj’tes of the bone marrow include die megakarj-ocx'tes, 
plasma cells. Russell-body cells and mast cells. 

Megakaryocytes. — The vicgakaryocyles arc hemogenic giant cells. Similar cells 
in the yolk sac may produce erythroc)*tes ; in nonnal bone marrow these cells 
only produce platelets, segmentation products of pseudopods protruded into the 
venous sinuses.'® Under e.\'perimental conditions certain megakaiyocytes of bone 
marrow may be stimulated to produce erythrocytes Platelets may be formed 
also by mass fragmentation of the perinuclear cytoplasm. The resulting naked 
nuclei may pass into the circulation and get caught in the capillaries of the lung, 
where they disintegrate. Temporarily such naked nuclei in the pulmonarj' capillaries 
may act as a barrier against which circulating platelets may cohere giving the 
appearance of original megakaryocj tes. This condition may have significance in 
relation to the recent claim that the lung is a supplementary source of blood 
platelets.®' The fetal spleen and liver also contain megakaryocytes.®® 

In the bone marrow, megakaiy'ocytes (myeloplaxes) may be confused with 
osteoclasts. The nucleus of the megakaryocyte is generally complexly pol} lobular. 
In later stages this nucleus may become resolved more or less extensively into 
separate bodies, producing a multinucleated condition. As such, with the usual 
technic, it resembles the polynuclear osteoclasts. With Wright’s technic only the 
megakaiy'ocj'tes show the metachromatic granules characteristic of the platelets. 
Osteoclasts are essentially foreign body giant cells; they represent fusion product^ 
of originally discrete reticular cells and osteoblasts.” The polynuclear megakarj'o- 
c>*tes represent hypertrophied hemocytoblasts, whose nucleus first became poly- 
lobular and ultimately was partitioned by process of amitotic nuclear division. 

Plasma Cells. — Plasma cells are normal constituents of bone marrow; they 
occur generally in groups, more frequently in relation to areas of red cell forma- 
tion. Their size is generally that of intermediate lymphocytes. Their differential 
features include deeply basophilic cytoplasm, small chromatic eccentric nucleus 
and small oval or crescentic lightly staining juxtanuclear area. The chromatin is 
generally so arranged as to give a “cart wheel” appearance. 

Russell-body Cells. — Russell-body cells are derivatives of plasma cellk They 
occur only with extreme rarity in normal bone marrow. They are more numerous 
in the spleen, lymph nodes and hemal nodes. They are characterized by the pres- 
ence of oxyphilic granules and globules of greatly varying size. These cells may 
attain a size several times that of the parent lymphocyte and may contain many 
globules. The globules, or Russell bodies, are also designated fiichsiuophil bodies. 

Cowdry, 1914. 

Jordan, 1916 

Wnght, 1910. 

-® Kleinbcrg, Gordon and Chanpper, 1939. 

** Howell and Donahue, 1937. 

*2 Kingsley, 1935. 

2* Jordan, 1918. 
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the eosinophils hy coarse Rramitcs, The neutrophils arc the mkrot'hagcs of Mctch- 
nikofF; they arc predominantly phaROcytic for piis-formitiB hacteria; they range in 
size from 7.5 /< to 10 ft in diameter. The eosinophils have normally only very slight 
phagocytic capacity. Both contain mitochondria, Golgi apparatus, neutral-red bodies 
and cytocentrum. Under normal conditions the neutrophils (heterophils) constitute 
from 55 to 70 per cent of the leukocyte total, the eosinophils about 4 per cent. 
According to Osgood," the life duration of the neutrophil is from two to three 
days, that of the eosinophil from eight to twelve days. 

The significance of the basophils is puzzling. They constitute only 0.5 per cent 
of the leukocyte total. On the Iwsis of comparative studies of the blood of amphibia, 
reptiles and birds they are divisible into two varieties: (r) Cells with spheric 
lymphocyte-like nucleus and emrse orthohasophilic granule.s of uniform size and 
spheric shape. These cells have mitochondria, Golgi apparatus, neutral red bodies 
and cytocentrum. In the marrow of reptiles and birds these losophils ripen into 
eosinophils. Transitional “hybrid” granulocytes with mingled basophilic and eosino- 
philic granules occur. These basophils arc unripe eosinophils. (2) Cells with 
irregular vesicular "degenerate" nucleus, and irregular angular metachromatic 
giianulcs of very unequal size. The cells gcncmily defy demonstration of mito- 
chondria, Golgi apparatus and cj'toccntnim. They have all the earmarks of senile 
cells and may be interjircted as alwrtivc immature eosinophils, Basophils are said 
to have a life tenure of from twelve to fifteen days." The granules of the baso- 
phils dissolve readily in aqueous solutions. Under certain pathological conditions 
the basophils increase in number, in genera! concomitantly with an increase of 
eosinophils. They apparently have no relation to the basophilic granular mast cells 
of the tissues.^* 

Platelets.— These commonly hold positions at the center of masses of converg- 
ing fibrin fibrils in blood clots, in consequence of which they are supposed 
to be the essential elements in clotting, liberating thrombokinase, hence their 
synonym thrombocyte. This term, however, is ill-chosen, for these elements con- 
tain no nucleus. What simulates a nucleus is the central spheroidal mass of baso- 
philic granules. Blood platelets are capable of ameboid motility. They vary in 
diameter from 2 to 4 microns, and in number per cubic millimeter from 400,000 to 
800,000.'® Wright’s observations on mammalian megakaryocytes furnish at present 
the best data for the genetic interpretation of platelets." However, almost every 
conceivable mode of origin, notably from extruded nuclei of erythrocytes, and as 
precipitation artifacts, still claims supporters. 

Cowdry has demonstrated mitochondria, by vital staining with Janus green, 
in all types of leukocytes, except mast leukocytes, including platelets. The lympho- 
cytes and polymorph neutrophils contain them abundantly. They are only sparsely 


12 Osgood, 1937 
19 Osgood, 1937. 

9* Maximow, 1913 
95 Dameshel^ I932' 
9* Wright, I9I0- 
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present in eosinophils. I^Iitochondria are said to be totally absent in the erj-thro- 
plastids of normal adult human blood.'” 

The noncirculating leukocytes of the bone marrow include tlie megakar}-oc\*tes, 
plasma cells, Russell-body cells and mast cells. 

Megakaryocytes. — The wcgakaryocytcs are hemogenic giant cells. Similar cells 
in the yolk sac may produce erythrocjies ; in normal bone marrow these cells 
only produce platelets, segmentation products of pseudopods protruded into the 
venous sinuses.'® Under experimental conditions certain megakaryocytes of bone 
marrow may be stimulated to produce erx'throcj tes.“ Platelets may be formed 
also by mass fragmentation of the perinuclear cjtoplasm. The resulting naked 
nuclei may pass into the circulation and get caught in the capillaries of the lung, 
where they disintegrate. Temporarily such naked nuclei in the pulmonarj' capillaries 
may act as a barrier against which circulating platelets may cohere giving the 
appearance of original megakaryocytes. This condition may have significance in 
relation to the recent claim that the lung is a supplementarj’ source of blood 
platelets.®' The fetal spleen and liver also contain megakaryocytes.®® 

In the bone marrow, megakaryocj'tes (myeloplaxes) may be confused with 
osteoclasts. The nucleus of the megakarj ocyte is generally complexly polylobular. 
In later stages this nucleus may become resolved more or less extensively into 
separate bodies, producing a multinucleaied condition. As such, with the usual 
technic, it resembles the polynuclear osteoclasts. With Wright’s technic only the 
megakarj’ocytes show the metachromatic granules characteristic of the platelets. 
Osteoclasts are essentially foreign body giant cells; they represent fusion products 
of originally discrete reticular cells and osteoblasts.®’ The polynuclear megakaryo- 
cj-tes represent hypertrophied hemocjioblasts, whose nucleus first became poly- 
lobular and ultimately was partitioned by process of amitotic nuclear division. 

Plasma Cells. — Plasma cells are normal constituents of bone marrow*; they 
occur generally in groups, more frequently in relation to areas of red cell forma- 
tion. Their size is generally that of intermediate l>'mphocytes. Their differential 
features include deeply basophilic cytoplasm, small chromatic eccentric nucleus, 
and small oval or crescentic lightly staining juxtanuclear area. The chromatin is 
generally so arranged as to give a “cart wdieel” appearance. 

Russell-body Cells. — Russell-body cells are derivatives of plasma cells. They 
occur only with extreme rarity in normal bone marrow. They are more numerous 
in the spleen, lymph nodes and hemal nodes. Tliey are characterized by the pres- 
ence of oxyphilic granules and globules of greatly varjnng size. These cells niav 
attain a size several times that of the parent lymphocyte and may contain many 
globules. The globules, or Russell bodies, are also designated fitchsiuof>hil bodies. 

Cowdry, 1914. 

18 Jordan, 1916. 

Wright, 1910 

Kleinberg, Gordon and Charipper, 1939 

21 Howell and Donahue, 1937. 

=2 Kingsley, 1935. 

*8 Jordan, 1918. 
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In the larger cells the nucleus is compressed niul distorted and has a peripheral 
location. The glohulcs may he of crystalloid form and rcsemlile hemoglobin crystals. 
While dearly not normal definitive hemoglobin, the material of these cells might 
be regarded as aborted hemoglobin, and the cells as aliortive crythroblasts at a 
later stage than that represented by the plasma cell. 

That lliese cells arc not liciuot^haties as claimed by Michels becomes dear 
from a comparative study of Russcll-lKwly cells and macropliagcs svith ingested 
erythroplastld fragments in hemal nodes. Stamcrl with cosm-azurc the globules of 
the macrophages with hcmogloblntfcrous dchris have a golden yellow or light brown 
color, the glohulcs of the RusselMiody cells have a pink or light red color. 

Mast Cells. — The mast cells of the marrow arc identical with those of the sub- 
cutaneous tissue. They rcsemhlc dosdy hlood basophils ("mast lenkocylcs”) but 
they are not true blood cells. Though identity with basophilic blood leukocytes 
has been claimed for the tissue mast cells, Maximow's ** conclusion that they are 
distinct and unrelated cells is now generally accepted. According to Holmgren 
and Wilander,*® they jirodticc heparin, a blood anticoagulant. 


HEMOOLOBIN 


Hemoglobin is a complex chemical compound of the protein globln with an 
iron-containing body, hematiu; it gives the characfcristrc color to the blood. It 
combines readily with oxygen to form oxyhemoglobin, a loose chemical combina- 
tion by whidi the oxygen is carried from the lungs to the tissues, and which 
gives the brighter red color to the arterial as compared with the venous blood. 
The hemoglobin is held either in solution or in unstable chemical union by the 
cytoplasm of the erythroplastlds.’* It escapes from these corpuscles after rupture, 
or it may be extracted by ether, and is then prone to crystallize on evaporation 
in the form of minute brownish-yellow prisms. The crystals of the various species 
of any genus belong to a crystallographic group (Reichert) but generic differ- 
ences are frequently striking; thus, in human blood they are long rhoinbohedra 
(Fig. 238), in guinea-pig, tetrahedra, in squirrel, hexagonal plates, in rat, elon- 
gated six-sided plates, in hamster (a rodent), rhombohedra, and in dog they 
appear *as rhombic prisms which are diamond shaped in cross-section. 

Various other crystalline, and also amorphous hemoglobin derivatives may 
occur as decomposition products. T!ie iron of the coloring matter of the hemo- 
globin may be thus obtained in the form of liematin, a soluble, amorphous protein 
compound of a brownish-red color. If hematin is combined with hydrochloric add 
the chloride of hematin, hemm, is produced. Hemin occurs in deep broivnish-red 
cry'stals, known also as Tetchmanif's crystals, which differ somewhat according to 
the animal species from which they are obtained ; those of human blood take the 


34 Michels, 1935- 
2* Maximow. 1913 
2« Holmgren and Wilander. ig37- 
22 Kite, 1914 
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form of triclinic plates (Fig. 239). Hemin 
cr}-stals derive a certain importance as 
a forensic test for the presence of blood, 
and they may be obtained from old and 
dried-up specimens as readily as from 
fresh blood. The procedure for testing 
a ’suspected stain consists in heating to 
the boiling point in a drop of acetic acid, 
a drop of a normal salt solution of the 
specimen. From fresh blood the crj'stals 
may be produced by heating together on 
a slide a drop of blood, a grain of sodium 
chloride, and a drop of acetic acid. Hemin 
crystals prove only that hemoglobin is 
present, but give no precise information 
as to the species from which the blood 
in question came, for the crystals obtained 
from many mammals are apparently 
identical. 

Hematin may decompose also into 
hemosiderin, an iron-containing hemo- 
globin derivative, in the form of light- 
brown granules, frequently found in phag- 
ocytic leukocytes as the product of cellular 
digestion of effete erythroplastids. Hemo- 
siderin granules thus appear in the 
spleen and bone marrow. Iron in the tissues, and ferruginous pigments gener- 
ally, can be recognized by application of the ferrocyanide test, which stains the 
iron blue. 

When extravasations of blood occur within the 
tissues of the body, as, for example, in the corpus 
hemorrhagicum of the ovary, the hematin is frequently 
deposited as hcmatoidhi, an iron-free derivative of hemo- 
globin which forms stellate group of yellowish needle- 
bke crystals. Hematoidin is apparently identical with 
bilirubin, a bile pigment. 

HEMOPOIESIS 

The earliest seat of blood formation is in the w’all 
of the yolk sac. Following the fifth week of emKryonic 
life blood fonnation shifts to the reticular stroma and 
simisoids of the liver. From the fourth to the sixth week there is some hemopoietic 
activity also in body stalk, the body mesenchyme and the mid-ventral portion of the 
aorta. Towards the end of the second month the spleen becomes an active locus 





Fic. 239. — Crystals of 
Chloride of Hematin on 
Hemin. (Ranvier.) 



Fic 238.— Hemoglobin Crystals. 
a and b, from human blood ; c, from the 
cat; rf, from the guinea-pig; e, from the 
hamster; /, from the squirrel. (Ranvier.) 
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In the larger cells the nucleus is compressed ant! distorted and has a peripheral 
location. The globules may he o{ crystalloid (oro\ and resemble hemoglobin crystals. 
While clearly not normal definitive hemoglobin, the materia! of these cells might 
be regarded as aborted hemoglobin, and the cells as abortive erythroblasts at a 
later stage than that represented by the plasma cell. 

Tiiat these cells are not hcmopharfcs as claimed \fy Michels becomes clear 
from a comparative study of RusselI-l>ody cells and macropluigcs with ingested 
erythroplastid fragments in hemal nodes. Stained with eosin-azure the globules of 
the macrophages with hcmoglobinifcrous debris Itavc a golden yellow or light brown 
color, the globules of the Russelbliody cells liave a pink or light red color. 

Most Cells. — The mast cells of the marrow are identical with those of the sub- 
cutaneous tissue. They resemble closely blood liasophils ("mast leukocytes") but 
they are not true blood cells. Thmigli identity with basophilic blood leukocytes 
has been claimed for the tissue mast cells. Maximow's” conclusion that they are 
distinct and unrelated cells is now generally accepted. According to Holmgren 
and Wilander,-® they produce heparin, a Wood anticoagulant. 

HEMOGLOBIN 

Hemoglobin is a complex chemical compound ol the protein globin with an 
iron-containing body, liciitaiin; U gives the characteristic color to the blood. It 
combines readily with o.xygen to (onn oxyhemoghbm, a loose chemical combina- 
tion by which the oxygen is carried from the lungs to the tissues, and which 
gives the brighter red color to the arterial as compared with the venous blood. 
The hemoglobin is held either in solution or in unstable chemical union by the 
'cytoplasm of the erythroplastids.” It escapes from these corpuscles after rupture, 
or it may be extracted by ether, and is then prone to cry'stallize on evaporation 
in the form of minute brownish-yellow prisms. The crystals of the various spedes 
of any genus belong to a crystallographic group (Reichert) but generic differ- 
ences are frequently striking; thus, in human blood they are long rhombohedra 
(Fig. 238), in guinea-pig, tetrahedra, in squirrel, hexagonal plates, in rat, elon- 
gated six-sided plates, in hamster (a rodent), rhombohedra, and in dog they 
appear *as rhombic prisms which are diamond shaped in cross-section. 

Various other crystalline, and also amorphous hemoglobin derivatives may 
occur as decomposition products. Tlie iron of the coloring matter of the hemo- 
globin may be thus obtained in the form of hemattn, a soluble, amorphous protein 
compound of a brownish-red color. If hematin is combined with hydrochloric acid 
the chloride of hematin, fmnin, is produced. Hcmin occurs in deep browntsli*red 
crystals, known also as Teichmann's cryst(ds, which differ somewhat according to 
the animal species from which they are obtained; those of human blood take the 


Michels, i()3S 
25Maxitnow, 1913 
2« Holmgren and Wilander, 1937 
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form of triclinic plates (Fig. 239). Hemin 
crystals derive a certain importance as 
a forensic test for the presence of blood, 
and they may be obtained from old and 
dried-up specimens as readily as from 
fresh blood. The procedure for testing 
a suspected stain consists in heating to 
the boiling point in a drop of acetic acid, 
a drop of a normal salt solution of the 
specimen. From fresh blood the ciystals 
may be produced by heating together on 
a slide a drop of blood, a grain of sodium 
chloride, and a drop of acetic acid Hemin 
crystals prove onl}' that hemoglobin is 
present, but give no precise infornwtion 
as to the species from which the blood 
in question came, for the crystals obtained 
from many mammals are apparently 
identical. 

Hematin may decompose also into 
hemosiderin, an iron-containing hemo- 
globin derivative, in the form of Iight- 
brown granules, frequently found in phag- 
ocytic leukocytes as the product of cellular 
digestion of effete erythroplastids Hemo- 
siderin granules thus appear in the 



Fjc 2j 8.— HE.\ioct.ociJf Crystals. 
o and b, from human blood; c, from the 
wt; d, from the guinea-pig; c. from the 
hamster; /, from the squirrel. (Ranvier.) 


spleen and bone marrow. Iron in the tissues, and ferruginous pigments gener- 
ally, can be recognized by application of the ferrocyanide test, which stains the 
A iron blue. 

jn.- When extravasations of blood occur within the 

tissues of the body, as, for example, in the corpus 
V hemorrhagicum of the ovary, the hematin is frequently 

^ \ ^ jf as ftv'nofofrfhi, an iron-free derivative of hemo- 

^ yellowish needle- 

/v* Hematoidin is apparently identical with 

^ bilirubin, a bile pigment. 
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Pig. 239.— Crystals of *^lte earliest seat of blood formalioti is in the wall 
CntomoE OF Heuatix or of the yolk sac. Following the fifth week of 
Hemix. (Ranvier.) ,:f, " "eeR ot embrj'Omc 

... * '“emation shifts to the reticular stro,.. i 

sinusoids of the liver. From the fourth to the si.xth week there is some 1, • 

activity also in body stalk, the body mesenehjme and the mid veoi T 

aorta. Towards the end of the seU mon’th .h^ntrcrL'aret:!:: 
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In tlie larger cells the nucleus is compressed and distorted and has a peripheral 
location. The globules may he o[ crystalloid fonii and resemble hemoglobin crystals. 
While clearly not normal definitive hemoglolun, the material of these cells might 
be regarded as aborted hemoglobin, and the cells as abortive erylhroblasts at a 
later stage than that represented by the plasma cell. 

That these cells arc not hemopha^fs as claimed by Michels becomes clear 
from a comparative study of Russell-lKxIy cells and macropliages with ingested 
erythroplastid fragments in hemal nodes. Stained with cosin-azurc the globules of 
the macrophages with licmoglohinifcrous debris bavc a golden yellow or light brown 
color, tlie globules of the RusseH-l)ody cells liavc a pink or light red color. 

Mast Cells. — ^The mast cells of the marrow arc identical with those of the sub- 
cutaneous tissue. They resemble closely blood basophils (“mast leukocytes”) but 
they are not true blood cells. Though identity with basophilic blootl leukocytes 
lias been claimed for the tissue mast cells. Maximow's •* conclusion that they are 
distinct and unrelated cells is now generally accepted. According to Holmgren 
and Wilander,*® they produce liejiarin, a blood anticoagulant. 

HEMOatOBIN 

Hemoglobin is a complex chemical compound of tlie protein globin with an 
iron-containing body, lieuialin; it gives the characteristic color to the blood. It 
combines readily with oxygen to form oxyhemogtobm, a loose chemical combina- 
tion by which the oxygen is carried from the lungs to the tissues, and >vhlch 
gives the brighter red color to the arterial as compared with the venous blood. 
The hemoglobin is held either in solution or in unstable chemical union by the 
cytoplasm of the erythroplastids.** It escapes from these corpuscles after rupture, 
or it may be extracted by ether, and is then prone to crystallize on evaporation 
in the form of minute brownish-yellow prisms. The crystals of the various species 
of any genus belong to a crystallograpliic group (Reichert) but generic differ- 
ences are frequently striking; thus, in human blood they are long rhombohedra 
(Fig. 238), in guinea-pig, tetrahedra, in squirrel, hexagonal plates, in rat, elon- 
gated six-sided plates, in hamster (a rodent), rhombohedra, and in dog they 
appear *as rhombic prisms which are diamond shaped in cross-section. 

Various other crystalline, and also amorphous hemoglobin derivatives may 
occur as decomposition products. The iron of the coloring matter of the hemo- 
globin may be thus obtained in the form of hematin, a soluble, amorphous protein 
compound of a brownish-red color. If hematin is combined with hydrochloric acid 
the chloride of hematin, hemin, is produced. Hemin occurs in deep brownish-red 
crystals, known also as Teichinattn's crystals, which differ somewhat according to 
the animal species from which they are obtained; those of human blood take the 


24 Michels, 1935- 

25 Maximow, 1913 

26 Holmgren and Wilander, 1937. 
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granulocytes, and one for the lymphocytes and monocytes. Polyphyletists make 
the claim of distinct ancestors for erythrocytes, granulocytes, lymphocytes and 
monocytes; and in extreme form, of separate ancestors also for each variety of 
granulocyte. 

Probably the most widely accepted theory of hemopoiesis is that of Doan. 
Cunningham and Sabm (,’25) based largely on studies of avian bone marrow. This 
theory is essentially polyphyletic, since it recognizes distinct ancestors for erythro- 
cytes, clasmatocytes (macrophages), gramilocy’tes. monocj-tes and lymphocytes 
However, it is unique in that it derives the erythrocytes from endothelial cells 
separating from the lining of “intersinusoidal capillaries’' of the bone marrow’. 

POLYPHYLETIC CONCEPT OF BLOOD CELL ORIGIN 
{Scheme according to Doan, Cunningham and Sabin) 


proerythroblast 

("megaloblast*') 


erythroblast 

I 

normoblast 

I 

erythroplastid 

(“erythrocyte”) 


clasmatoblast 

(extravascular) 

i 

clasmatocyte 
(tissue mono- 
cyte, macro- 
phage) 


Reticular connective tissue 

I 

hcmocytoblast 
(“primitive cell”) 


myeloblast 
(iMne marrow) 


myelocyte 


polymorphonuclear 

leukocyte 


monoblast 

(spleen) 

i 

monocyte 


lymphoblast 
(lymph nodes) 


lymphocyte 


It starts with the concept of a “reticulo-endothelial system” (Aschoff, ’24). 
Reticular connective tissue cells round up and separate from the stroma as “primi- 
tive cells.” These differentiate along three distinct lines as myeloblasts, monoblasts 
and lymphoblasts, and eventuate respectively in definitive granulocytes, monocytes 
and Ijmphocytes. Cells which separate from the luminal side of the endothelial 
lining of the capillaries (sinusoids) differentiate progressively to become “megalo- 
blasts,” erythroblasts, normoblasts and erythrocytes ; those which separate from the 
stromal side of the capillaries are said to liecome clasmatocytes. Tins theory is 
summarized in the foregoing scheme. Aside from the question of the verity of 
poI>phyletic concepts, this theory' is dubious at least in so far as concerns the 
claim of an endothelial origin of ery'throcy’tes in bone marroiv. The endothelial 
origin of erythrocytes in bone marrow has not been confirmed; the claim is 
supported by the results of later studies, most recently that of McDonald =® 
shows the derivation of the erythrocytes in bone marrow of birds directly^”^ 


=« McDonald, J939. 
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of crythropoicsis and maintains this function in gradually diminishing degree to 
the time of hirth. Meanwhile also the marrow of the developing. hones assumes 
hemocytopoictic function and remains as the sole source of er)'throcytc and granulo- 
cyte formation throughout jioslnatal life. Lyinpliocytes arc supplied by the spleen 
and lymph nodes from appro.ximalely the end of the second month. Only the bone 
marrow will here be described in relation to blood development. 

The ancestral tissue of all the varieties of blood cells is tlic mesenchyme, fiut 
mesenchyme is also the ancestral tissue of the several varieties of connective tissue, 
of fat and of smootli and cardiac muscle. Wliat the dilTcrcntial factors are which 
dctenninc that mesenchyme in a certain region shall develop into clastic cartilage, 
in another region into smooth muscle and in bone marrow into blood need not be 
discussed; flic various answers arc largely of the nature of speculations. The com- 
plete answer involves an explanation of embryonic dilTercntiation and takes us 
back to the original zygote, endowed with all the developmental potentialities which 
find expression in the 'future adult tKxly. 

The problem of hemopoiesis t»cgin*i with (he second step, that following the 
stage of the parent mesenchyme. Here we Ijcgin to deal wiili a primitive blood 
cell, appropriately designated Ucmocytoblast. This cell represents a mcsench^-mal 
cell which has separated from tlic parent syncjiium, withdrawn its processes and 
assumed a free condition and spheric form. This cell has certain differential 
features, including relatively large vesicular nucleus in which tlic chromatin is 
distributed in the form of minute grannies. The nucleus contains one or several 
achromatic nucleoli. The cytoplasm of this cell is moderately basophilic. The liemo- 
cytoblast appears identical with the large lymphocyte. With proper technics, mito- 
chrondria, Golgi net, segregation apparatus and cylocentriim can be demonstrated 
The several theories of blood development recognize this cell as the primitive blood 
cell. But they divide on the question whether these apparently identical blood cells 
are actually alike and as such, by reason of their multiple developmental potentiali- 
ties, differentiate along specific lines into the several definitive varieties of blood 
cells under the impact of different specific environmental stimuli; or whether they 
are inherently different and specifically determined for development under the 
influence of a hereditary bias in spite of their apparent cytologic identity. 

These differences of belief with respect to the nature of the ancestral blood 
cells are expressed in the several theories supported by different investigators: 
monophyletic {unitarian), diphyletic (^dualist'), triphyletic (^Irialist) and polyphy- 
letic Adherents of the unitarian concept of blood development regard the hemo- 
cytoblast as the polyvalent ancestral cell of all of the varieties of definitive blood 
cells. The dualists recognize two genetically distinct blood cell ancestors, the 
proerythroblast ancestor of the erythrocyte line and the Icukoblast ancestor of the 
leukocytes. A variation of the diphyletic concept recognizes an ancestral cell (lym- 
phoblast) for the lymphocyte line, distinct from the common ancestor (hemocyto- 
blast) of the red and white cells of the bone marrow. Under this concept the 
monocytes are variously included in either one of the two lines. The, tnalists 
recognize three distinct blood cell ancestors; one for the red cells, one for the 
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The prevailing monophyletic theory' is that of Maximow,” the essential fea- 
tures of which are indicated in the following cliart. Most of the indicated genetic 
relationships have already been discussed; only two of the included cells call for 
further description, namely, the “granule cell”*® and the plasma cell.”*'- 
MONOPHYLETIC CONCEPT OF BLOOD CELL ORIGIN 
Bone Marrow 

Hemocyloblasl (lymphoid hemoblast— Ij mphocyte) 


proerythroblast 

leukoblast 

("myeloblast”y^^^^^^^^^ 

^ plasma cell 

RusitU tsody ccU 

(“megaloblast”) 

1 

crythrobhst 

granuloblast \ 

megakaryocyte 

1 

normoblast 

("myelocyte”) \ \ 

platelets 

1 

granulocyte 

V ^ monoblast 

T 

(granular leukocyte) 

1 

erythroplastid 

i. neutrophil 

\ monocyte. 

(reticulocyte) 

X 

lymphoblast 

(granule cell) 

2. eosinophil 

3. basophil 

large lymphocyte 

mature red blood 



corpuscle 


small lymphocyte 

, 1 
heniatokonia 


♦ 

large lymphocyte 

small lymphocyte 


The granule cell represents the final stage in the maturation of the erythrocyte. 
At the beginning of the erythroplastid level the red corpuscle is in the reticulocyte 
phase. Under normal conditions the peripheral blood contains approximately o 5 
per cent of reticulocytes. These cells are characterized by a residuum of basophilic 
substance m the form of threads and granules, demonstrable by staining with 
brilliant cresyl blue. Polychromasia of red blood corpuscles as seen rn smears 
stained with Wright’s stain is an expression of the presence of this same baso- 
philic substance, and punctate hasophilia is a modifidation of the same phenomenon. 
Following the reticulocyte stage, which has a duration of about three days, there 
occurs the granule stage. Granule cells occur in normal peripheral blood to the 
extent of about 0.5 per cent The specific feature of these cells is the presence of a 
refractive spheric body about 0,5 micron in diameter. The granule migrates to 
the periphery' and is finally extruded, producing thus the mature erythroplastid. 
The significan ce of this granule is obscure; one might venture to suggest that it 
Maximow, igog 
Isaacs, 1Q25. 

Marschalko, 1895. 

** Maximow, 1928 
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stromal cdJs of (he rcticuJo-cjjrJoiIjc/Mj sj*stwn. IIowc%’ec, in ^food vessels of ibe 
yolk sac of mammals and along the inul-vcntral area of the aorta of the human 
embryo of the second month, endothelial cells in small numlxrrs do separate from 
the vascular lining and dilTcreniiatc into crytlirocyics. 



Fic 240 — Section through a Blood Ciiannfl of the Area. Vasculosa of a isK-Dav 
Kadbit £mbr\o, Showing Earlv Stacfs in Blood Development. 
ijrf, enddt/idium ,£(//»/», cndotl ' • • .... '’lemocytoblasts) ; 

hi”, erythrocyte extruding its noc ” ' youpg normo- 
blasts ; Nwb., older normoblasts , « . troblasts ; pEbr , 

enucleating erythroblast , pErc , erytbroplastid, r., dividing normoblast; tf.. reticulum cell with 
ingested eosinophilic gran^ocyte, r., extruded nucleus of erythrocyte. (Maximoiv, 1909 ) 

The essence of the monaphyletic theories of blood cell origin inJieres in the 
concept that myeloblasts, lymphoblasts, proerythroblasts and monoblasts are identi- 
cal pluripotential cells. Myeloblasts and proerythroblasts are identical hemocyto- 
blasts located in the bone marrow, the one in the intervascular stroma, the other 
within the venous sinuses. Lymphoblasts are identical hemocytoblasts located in 
lymph nodes and the spleen. Monoblasts are identical hemocytoblasts of spleen, 
marrow and lymph nodes yvJiich develop into phagocytic monocytes or macrophages. 
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into extranodular venous sinuses. Highly motile small lymphocytes migrate into 
the nodular capillaries and are swept into the venous sinuses. In these areas of 
virtual venostasis they grow info large ^-mphocytes, having the size and features 
of typical hentocytoblasts. In tltese leukostatic areas the hemocytoblasts differentiate 
into erythrocytes, the maturation proceerling in the direction from endothelial 
border to center of the lumen. Identical small l>mphocytes also migrate out of the 
nodule into the intervascular stroma. Here they also grow into typical hemocyto- 
blasts and subsequently differentiate into oxyphilic granulocytc.s. The evidence from 
avian bone marrow seems conclusive in verification of the nionophcletic theory 
and in support of the claim that the small lymphocyte is a pluripotential embryonic 
cell, its subsequent differentiation being the result of the stimulus of a specific 
environmental factor. Within the venous sinuses these small lymphocytes f potential 
hemocytoblasts) enlarge and under the stimulus of a relatively Iiigh CO2 tension 
differentiate into erythrocytes ; in the intervascular stroma they differentiate into 
granulocytes. These findings in birds suggest that in mammals also an important 
function of the lymphocytes may he to ser\'e as ancestral ceils for the several 
varieties of blood cells. The explanation of the daily “loss” of approximately 
twenty-five billion lymphocytes in the luimaii body may be that they arc filtered 
out in the bone marrow where they become hcmocy'toblasts, supplementary to tliose 
locally produced to provide for the restoration of continually disintegrating erythro- 
plastids and granulocytes. 


BONE MARROW 

The red variety of bone marrow, found in the flat bones generally and in the 
epiphyses of long bones, functions as the sole heniocytopoieiic organ of later fetal 
and adult life. In certain mammals, c.g , opossum, hedgehog and bat, it is assisted 
in this function to some extent by the spleen. Besides a hemocytopoietic function, 
red bone marrow possesses also the capacity of destro}-ing worn-out red blood 
corpuscles. In this process it is assisted greatly also by the spleen and lymphoid 
organs generally The monocytes of these locations are the chief agents in this 
destructive process and in the transportation of the hemoglobin debris to the liver 
where as hcmatoidin it is apparently appropriated in the manufacture of the bile 
pigment, bilirubin. The proportion of red marrow to body weight in the normal 
adult man is approximately 5 per cent.’^ 

Tile generic name for the specific hemogenic cells of marrow is xnyelocyte. 
This includes the parent blood cel] (hemoblast, myeloblast) and the intermediate 

developmental stages of both white (Ij-mphocytes, mononuclear leukocytes leuko- 

blasts) and red (proerythroblast, normoblast, erythroblast stages) cells. Besides 
these, there are of course abundantly present in marrow also the adult forms of 
blood cells both white (eosinophil, neutrophil, and basophil polymorphonuclear 
leukoGj-tes, and lymphocytes) and red (erythroplastids). The term myelocyte in 
common usage is restricted to designate immature gra nulocytes. Potential osteo- 
Wetzel, 1920. " 



210 


BLOOD 


represents the archoplasm (centrosome) of tlic parent eryihroblast. In the matura- 
tion process the midcus is first extrndetl and then prcsumahly the cytoccntnim. 

The plasma cell is a modified lymphocyte. Under the nionopfiylctic concept 
the erythroblast also is a modified liwpliocytc. As the erythrocyte passes from 
the initial hcmocytohlast sta^c through the succc.ssivc .stages of erj’throhlast and 
normoblast (about five days’ duration) the originally large vesicular nucleus gradu- 
ally becomes smaller atui more chromatic, the cell as a 'whole contracts and 
elaborates progre.ssively larger amounts of hemoglobin. Mingled with the cells 
passing through this sequence of events in the hone marrow arc occasional groups 
of plasma cells. With the exception of hcmoglohin clahoration, these plasma cells 
pass through the same stages as outlined for the normal course of crjlhrocjto- 
gcncsis, hut in much more rapid tempo In the early steps. The nucleus of the 
parent lymphocyte (hcmocytohlast) contracts verj' rapidly and in consequence 
eliminates a droplet of fluid into the cytoplasm. This process explains the charac- 
teristic feature of the typical plasma cell, iwincly, a juxtanucicar liglu-staining area 
or vacuole. The cytoplasm remains intensely hasoi>hilic hy reason of the alisence 
of hemoglobin. These cells apparently prepress to no later stage of differentia- 
tion. But the pos-siliility remains that these liasophilic plasma cells may subsequently 
elaborate hemoglobin and so I>ccomc indistinguishable from the more common 
erythroblasts derived along tbc more usual route. That the Iiasophillc cells are 
still virile is indicated by occasional mitoses. However, in certain lymph iicxles 
and the spleen, and umler certain c.\*|KTimcntal conditions of I}7nphostasis,** appar- 
ently identical plasma cells undergo Birthcr changes: they lose their nucleus, either 
by intracellular resorption or hy extrusion, in c.xactly the same manner as hemo- 
globiniferous normoblasts. They thus Ijccomc basophilic plastids (hasoplastids). 
The evidence suggests (he conclusion (hat (he plasma cells of I}’niph nodes and 
the spleen arc definitively abortive erythroblasts,** and that those of normal bone 
marrow are atypical erythroblasts and normoblasts in which the nuclear changes 
outran the process of hemoglobin clahoration, thus producing transiently ahemo- 
globiniferous “normoblasts.’' 

There remains for consideration the question of the significance of the lym- 
phocyte. In the monophyletic scheme the large lymphocytes are considered identical 
with the primitive polyvalent blood cells, the hemocytoblasts. One aspect of this 
general question concerns the .relationship between large and small bmphocytes. 
For solution of this problem the bone marrow of young birds supplies the most 
favorable material Here lyniphoi<l and myeloid tissues form an integral organ. 
Birds lack lymph nodes, but the bone marrow, especially that of the femur and 
tibia, contains scattered lymphoid nodules. With this arrangement one may study 
the relation of lymphocytes to the process of blood-cell production. 

Arterioles suppl> a mesh of capillaries to these nodules; the capillaries drain 


S 3 Jordan and Iforton, 1937. 
3 « Jordan, 1929 
S 5 Jordan, 1936. 
s« Jordan, 1939 
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sive segregation apparatus. The nionoc\tes arise in part also from rcticulo-emlothe- 
lium. They have a diameter of from 10 to 12 microns. 

The chromatin is more generally arrangcti in strands, giving the nucleus a 
stringv appearance. Stained supravitally with neutral red, the cytoplasm is shown 
to contain a considerable collection of granules and globules With Wright's stain 



Fig. 242 — Selected Cells from Marrow of the Sternum of Middle-aged Man. 
a, hemocytoblast ; b. proerythroblast ("megaloblast”) ; c. young erythroblast; d. later cryth- 
roblast; e, later erythroblast in mitosis; /, normoblast; g. normoblast with e.xtruding nucleus; 
h, erythroplastid; i, large lymphocyte. /, medium-sized lymphocyte; k. small lymphocyte; 
/, monocyte, hi, plasma cell, 11, group of blood platelets; o, myelocyte; />, young neutrophilic 
leukocyte; q, polymorphonuclear neutrophilic leukocyte; r, young eosinophilic leukocyte; s 
mature eosinophilic leukocyte, /, basophilic leukocyte. Smear preparation, Wright’s slain. X1500! 

the cytoplasm of these cells, like tiiat of lymphocytes and hemocytoblasts. ntay con- 
tain a variable collection of azurophilic granules. A cytocentrum is usually con- 
spicuous, lodged within the depression of the frequently bean-shaped nucleus. 

Polymorphonuclear Neutrophil Granulocytes. — These include a graded series 
of stages from the standpoint of shape of nucleus, and amount of granular content 
The >ounger stages (myelocytes) contain a less complicated nucleus, generally 
bean-shaped with centrosome and relatively fewer (some basophilic, unripe) 
granules; these have a slight proliferative capacity. Older stages have progres- 
sively more complicated nuclei, characterized by a lobulated chain (with from two 
to five segments) of dense chromatin, and are no longer capable of mitotic division 
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lilasts nral ostcociasls arc aLo present, lint inilislinguislialilc from (lie lympliocytcs 
ami Iicmojjcnic poljtoryocytes rcs|icctivcly unless siwially slainccl, 

A (Icscriplion of tlie cells in tlieir nnlcr of licnioRcnic cytomorpliosis folimvs: 
Myeloblast (/Vrnnr/orv/e,- ItcwohlaU. Mcsamchoid Cell: Primllnv IHood 
Cell: /.ym/i/iorylr). — Tliis is (lie jiarent lilood cell of lionc marroiv. It produces 
by proliferation and sliKlit diffcrenlialion llic more direct ancestors of Iwtli tile 
nliitc (iciitoblast) and red (proerythroblast) cells. Mother and daiiglilcr cells 



Fio 24t.— Fpom a Spctiov or Rro Makrow or a IIuitAV Boxa 
a, giant ccjl; />, !eukoc>tcs; r, nudeated r«l Mood celh ; d, mitosis in a marrow cell: outline 
o^ a fat cell, /, reticulum; i/, muesU m a giant cell. X68o. (Bolim and von Davidoff.) 

are similar in tlicir relatively large, finely granular, vesicular nucleus, well developed 
cell body, amebotd capacity, and proliferative activity. The cytoplasm of the myelo- 
blast is lioniogciieoiis or ^ery /incl> granular and sliglitly basophilic; likewise the 
leukoblast The proerythroblast may be distinguished by its slightly o.xyphil char- 
acter due to the presence of a small amount of hemoglobin. 

Lymphocytes. — These include larger, intermediate and smaller rarieties. They 
are similar to, and in part identical with, the abox'e-described cells, the myeloblasts. 
They include Loth cells differentiated from marrow and cells transported by the 
blood stream. In routine preparations they are indistinguishable from the osteo- 
blast. In short, these several cells of similar characteristics may be identical in 
their capacity to function as progenitors of blood cells, and may represent parent 
blood cells. They range in size from 8 to 12 microns. 

Monocytes. — These cells are tlistmgutshed from l>Tnphocyfes by their clearer 
nucleus, larger size and greater phagocytic activity. They represent Ij^-mphocytes 
specialized for phagocytosis. Transitional stages between lymphocytes and mono- 
cytes are abundant Jlonocytes include the so-called large mononuclear and transi- 
tional leukocytes. Genuine transitionals between lymphocytes and granulocytes 
Iiave a similar reniform nucleus, but they have a smaller size and lack an exten- 
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which segment into blood platelets. These blood platelets are abundantly present 
in red marrow. 

Erythrocytes.'—These cells include the several developmental stages of red 
cells; (o) proerj-throblast, (&) erj-throblast, (r) normoblast, and (rf) erj-thro- 
plastid. The proerythroblast is ^'crj* similar to the leukoblast except that tljo cyto- 
plasm contains a slight amount of hemoglobin, and therefore gives an oxyphilic 
staining reaction. The nucleus is finely granubr, wdth a delicate chromatic network. 
This is the so-called ichthyoid stage of Minot. Normoblast and erjthroblast are 
closely similar stages (sauroid stage of Minot), characterized by the relatively 
smaller and denser more chromatic nucleus, and a relatively more extensive shell 
of cytoplasm with increasingly more hemoglobin. The erythroplastid develops 
from the normoblast through loss of nucleus. This development occurs generally 
by extrusion, occasionally by resorption. 

The stage here designated proerythroblast is the cell generally referred to in 
the literature as mcgaloblast. True mcgaloblasts, such as are characteristic of 
macrocj'tic anemia, do not occur in normal blood development. The proeiythro- 
blast stage of the original embryonic transitory line of red-cell development re- 
sembles the mcgaloblast of pernicious anemia, especially in size, but had better be 
called macro-erythroblast in order to distinguish it from true megaloblasts of certain 
anemias. 

Macrophages. — These cells resemble large mononuclear leukocjics; they were 
first described by Metchnikoff in the year 1S92. On the basis of a specific response 
to vital azo dyes Evatis’* identifies them as a group distinct from the large 
mononuclear elements and lymphocytes of the blood, and includes among them 
certain endothelial and reticular cells and the clasmatoc>tes (Ranvier) or “resting 
wandering cells” (^^axlmovv) of connective tissue, all of which may become free 
macrophages. These cells in mammals, of round or elongated shape, range in 
diameter from about 10 to 30 microns; they contain a stoutly crescentic nucleus 
of irregular contour and excentric position; the cytoplasm is weakly basophilic, 
covered with delicate pseudopods of various sizes, and frequently filled with large 
^’acuoles. As endothelial cells they line the capillaries and venules of the liver (von 
Kupffer cells), spleen, red bone marrow, hemal glands, and the lymphatic sinuses 
of lymph nodes. They include also reticular cells of lymph nodes, spleen pulp and 
bone marrow, and the dasmatocjies of connective tissue. As free cells they occur 
in the serous cavities, lymph sinuses of IjTnph nodes, spleen and hepatic capillaries. 
They are abundant in transudates and exudates in serous cavities. Onlv under 
pathological conditions do they appear in the jieripheral blood stream. Weidenreich 
identified them with the large mononuclear leukocytes of the blood and lymph. 
Evans’ experiments, on the contrar>', gi\-e no indication that leukocytes are con- 
verted into these cells. They originate chiefly from endothelia. They constitute the 
rciiculo-cndothclial system of Aschoff (see p. 246). They are phagocytes and are 
active also in the normal physiological processes. They handle the blood and bile 
pigments, and fats and lipoids. The protoplasm of the macrophages is characteHred 
** Evans, 1915 ^ 
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Eosinophil Granulocytes. — ^These cells rcMniblc the nculropliils I'n their graded 
series of nuclear forms, ending in a lobulatcd polymorphous nucleus; but differ 
in the matter of size and staining capacity of the cytoplasmic granules. N^ormally 
the nucleus consists of only two, at most three, segments. The cytoj»lasmic granules 
arc of fairly uniform size and of spherical shape, hut much larger tlian the neutro- 
philic granules, and arc strongly acidoplnlic, showing special afTmity for the cyto- 
plasmic stain, cosin. In the younger forms the granules arc basophilic. The older 
types arc identical with tliose of tlic hloiMl. Again, only the less differentiated, those 
with oval nucleus and a centrosomc, may divide mitotically. 

Basophil Granulocytes. — ^Tlicsc are 
identical with the uiast leukocytes of the 
blood, Injt not with ilie niast cells of 
connective tissue.** They arc characterized 
by a variable jxilymorplious nuefeus, ap- 
]varent lack of centrosome, extremely 
slight proliferative capacity, and presence 
of splieroidal nontmifomi basophilic cyto- 
plasmic granules. They are numerically 
incre.'ise<l in marrow and the circulating 
blood and In the spleen in certain diseases. 
At least in part they represent’ immature 
and aborted eosinophils. 

Giant Cells or Myeloplaxes.— These 
arc relatively enormous cells, of from 
30 to too microns' diameter. They may 
have either a single large, frequently lobu- 
laled annular, nucleus (megakaiyocyte) 
or occasionally several, even man)’, nuclei 
(polykaryocyte). The megakaryocyte is 
a derivative of the I}Tnphocyte (myelo- 
blast). The polykaryocyte represents a 
later modification of the megakaiyocyte, 
(he lobulated nucleus having become 
broken up into separate nuclei. These 
polykaryocytes (hemogenic giant cells) have been erroneously regarded as identical 
with the multinucJeated osteoclasts- They are in fact potential erythroblasts, com- 
parable to “blood islands,” with only slight or no phagocytic capacity. With 
Wright’s technic the cytoplasm of these cells presents fine purple granules. Osteo- 
clasts do not contain such metachromatic granules. The polykaryocytes of the yolk 
sac of the lO-millimeter pig embryo can be seen to differentiate into erythrocytes, 
a hemoglobin-containing area developing about the several nuclei, the whole finally 
breaking up into an equal number of red cells- Giant cells are characteristic ele- 
ments of all hemopoietic organs Tire megakaryocytes protrude long pseudopodia , 



Fig 243 — Mfcakaryocyte (flf) from Bonf 
Marrow of Cat, Showing Forhation or 
Blood Platelets (p) ov Segmentation 
of Psf.udopod within a Venous Sinus 
( j). (Wright) 


s*Maxitiiow, 1913 
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and pranulocyte production oi the primitive spleen, as represented in fishes, is appor- 
tioned in mammals among lymph nodes, spleen and bone marrow. 

Red blood corpuscles (anucleate erj'Aroc>'tes) are almost completely restricted to 
mammals. Certain submammalian forms, more prominently the urodele, Batrachoseps. 
have bloods with variable numbers of anucleate ery'throcytes. With these exceptions, sub- 
mammalian bloods contain only nucleated red cells. Blood platelets (thromboplastids) 
also are restricted to mammalian bloods. Correlated with the specific character of 
mammalian blood is a specialized character of the bone marrow inherent in the presence 
of megakaryocytes, the source of platelets. Submammalian bloods arc charactervxed by 
the presence of an additional type of cell, the thrombocytes or spindle cells. The bone 
marrow of submammalian forms lacks megakaryocytes. Thrombocytes of submammalian 
bloods and megakaryocytes (platelet ancestors) of mammalian marrow are homologous 
cells Thrombocytes and platelets constitute sources of important elements in the 
mechanism of blood coagulation. 

The evidence from comparative hematology suggests that the lymphocytes con- 
stitute common ancestral blood cells, the hemocytoblasts, from which are derived the 
several types of definitive, specific circulating cells: monocytes, erythrocytes and granulo- 
cytes. The proximal differential stimuli to differentiation along specific lines into mono- 
cytes, erythrocytes and granuloc>'tes are respectively coarse tissue debris, particulate 
material and toxins, relatively high carbon dioxide tension (as in the venous sinuses of 
the bone marrow wliere blood flow is sluggish), and bacteria and parasites. The spleens 
of fishes with the fourfold function of l>mphocy(e, monoc>'te, erytlirocyte and granulo- 
cyte production, furnish almost conclusive evidence of the ancestral relationship of 
the parenchymal lymphocyte to the several specific blood-cell products. The evidence 
from conditions in birds is equally convincing. Here the absence of lymph nodes re- 
ceives compensation in the presence of large numbers of lymphoid nodules in the bone 
marrow. These nodules have an extensue capillary and sinusoidal vascularization. 
Small lymphocytes migrate into the intranodular capillaries and are carried into the 
e.xtranodular venouses witli almost static blood, where they grow in size and acquire 
the features of typical large hemocytoblasts and subsequently differentiate into erythro- 
cytes. Similar small lymphocytes migrate from the nodules into the extranodular stromal 
areas where they also grow in size and acquire liic features of typical large hemo- 
cytoblasts and subsequently differentiate into granulocytes. Similar small lymphocytes 
of splenic origin are filtered out of the blood stream in the bone marrow and undergo 
* the same process of blood-cell matuiation as the local nodular small lymphocytes. 

This evidence from submammalian hemopoietic ti.'^ues suggests that in mammals 
also the large numbers of lymphocytes daily lost to the body (25 billion in man) are 
filtered out in the bone marrow to serve as ancestors for red and white cells. The 
Ij-raphocyte is the universal blood mother-cell. It is an embryonic pluripotential blood cell, 
its future specific differentiation depending upon the type of stimulus it encounters; 
proximally, whether it continues sojourn in regions of sluggish blood flow as in venous 
sinuses or becomes halted in the extravascular stroma. Cytologic and embryologic evi- 
dence is completely negative to the claim that the small lymphocytes represent definitive 
cells, with specific unknown but important functions, comparable to conditions as re- 
gards erytlirocytes and granulocytes. As derivatives from reticular stroma, lymphocytes 
constitute a portion of the reticufo-endolhelial system. This system is the acknowledged 
source of macrophages (monocytes) and blood cells. The lymphocytes, properly inter- 
preted, constitute the chief circulatory portion of the reticulo-endothelial system 
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especially by its response to finely particular matter. Macrophages share the func- 
tion of phagocytosis with the poliworphonuclcar elements of the hlootl. 

COMPARATIVE HEMATOLOGY 

With minor exceptions among a few ItiRlily specialized or alicrrant representatives 
of two invertebrate phyla (vermes and cchtnoderms), crythrocyles occur only in the 
blood of %ertebratcs. Tlie exceptions include several glyccrid and gepbyrean worms 
and several sea-cucumbers among the echinoderms. In the invertebrates, with the excep- 
tions noted, the respiratory pigment is dissolved in the plasma or Ixxly fluid and may 
contain respectively, iron as in hemoglobin and hcmerytlirin, copper as in the hemo- 
cj-anin of certain arthropods and JfoUusca, or vanadium as in ascidians.'^^ In the craniate 
vertebrates the respiratory pigment Is without exception hemoglobin. Two genera of 
gephyrean worms (Tlialassena and Magelona) Imvc anudeate crylhrocyles. Lymphocjics 
occur throughout the animal kingdom. TIte same is true for monocytes, and with few 
exceptions, also for the several varieties of granulocytes. 

The hcmocytopoictic organ of invertebrates is tlic lining epithelium of the celom or 
some local aggregation of these cells. In the lower vertebrates, from fishes to amphibia, 
the chief blood forming organ is a spleen. In cyclostomcs (hagfish and lamprey) tlie 
spleen comprises a highly vascularized lymphoid tissue, loosely and widely distributed 
in the wall of the intestine. The lymphocytes, differentiate into erythrocytes within 
venous sinusoids, into granulocytes In the extravascular .stroma. In the hagfish this 
loose hemocvlopoietic tissue occupies a large part of the tunica submucosa throughout 
the lower portion of tlie intestine, and constitutes a disterse sf'lecn. In the lamprey the 
blood forming tissue occupies the spiral valve, and occurs here as a diffuse stieen. In 
the case of lungfishes, the spleen is located in the wall of the stomacJi in the form of an 
aggregait spleen. In ganoids, elasmobranchs and teleosts the chiefly erythrocytopoietic 
spleen is extraenteral, sharply circumscribed and attaclied to the mesogastrium by a 
proper mesentery. 

In these fishes the kidney plays a variable role, especially in larvel stages, in 
erytlirocytopoiesis. Granulocytes may be formed also in the wall of the intestine as 
well as in the spleen and the kidney. In elasmobranchs granulocytopoiesis is largely 
limited to the subcapsular and general stromal regions of the gonads. In the urodele 
amphibia (salamanders) generally, red-cell production is restricted to the spleen; granulo- 
c>ies are formed chiefly in the subcapsular region of the liver. In certain urodeles 
(Proteidae) the granulocytes are formed in the stroma of the kidney (mesonephros); 
the liver has no granulocytopoietic function. In the anuran amphibia (frogs and toads) 
the red cells arc formed only in the spleen, except for brief periods following metamor- 
phosis and hibernation when the bone marrow becomes transitorily active. Granulocj'tes 
are produced cbiefly in the bone marrow, to a small degree in spleen and intestinal 
mucosa. In reptiles and birds, blood formation is earned on chiefly in the bone marrow; 
the spleen constitutes an accessory locus of erythrocytopoiesis of variable degree, rela- 
tively more intense in the early post-incubation months. The spleen constitutes the chief 
source of lymphocyte production. 

In mammals, blood formation in the adult is restricted to the marrow. In fetal and 
progressively less in advancing infantile life, tlie spleen functions as an accessory 
organ of red-cell production, more intense in certain forms sucli as opossum and cat. 
Lymphocytes are produced in lymph nodes, thymus, spleen and to some degree in the 
bone marrow. With the exception of certain aquatic birds, where a pair of peculiar 
lymph nodes occurs in the region of the kidneys, lymph nodes are restricted to mammals. 
Phylogenetically considered, the fourfold fnnetion of lymphocyte, monocyte, erythrocyte 


Henze, 1932. 
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and granulocyte production of the primitive spleen, as represented in fishes, is appor- 
tioned in mammals among lymph nodes, spleen and bone marrow. 

Red blood corpuscles (anucleate erythrocytes) are almost completely restricted to 
mammals. Certain suhmammalian forms, more prominently the urodele, Batrachoseps, 
ha\e bloods with variable numbers of anucleate erythrocytes. With these exceptions, siib- 
mammahan bloods contain only nucleated red cells. Blood platelets (thromboplastids) 
also are restricted to mammalian bloods. Correlated with the specific character of 
mammalian blood is a specialized character of the bone marrow inherent in the presence 
of megakaryocytes, the source of platelets. Submammalian bloods are characterized by 
the presence of an additional type of cell, the thrombocytes or spindle cells. Tlie bone 
marrow of submammahan forms lacks megakaryocytes. Thrombocytes of submammalian 
bloods and megakaryocytes (platelet ancestors) of mammalian marrow are homologous 
cells. Tlirombocytes and platelets constitute sources of important elements in the 
mechanism of blood coagulation. 

The evidence from comparative hematology suggests that the lymphocytes con- 
stitute common ancestral blood cells, the hemocytoblasts, from which are derived the 
se\eral types of definitive, specific circulating cells: monocytes, erythrocytes and granulo- 
cytes. The proximal differential stimuli to differentiation along specific lines into mono- 
cytes, erythrocytes and granulocyles are respectively coarse tissue debris, particulate 
material and toxins, relatively high carbon dioxide tension (as in the venous sinuses of 
the bone marrow where blood flow is sluggish), and bacteria and parasites. The spleens 
of fishes with the fourfold function of lymphocyte, monocyte, erythrocyte and granulo- 
cyte production, furnish almost conclusive evidence of the ancestral relationship of 
the parenchymal lymphocyte to the several specific blood-cel! products. The evidence 
from conditions in birds is equally convincing. Here the absence of lymph nodes re- 
ceives compensation in the presence of large numbers of lymphoid nodules in the bone 
marrow’. These nodules have an extensive c.ipniary and sinusoidal vascularization. 
Small lymphocytes migrate into the intranodular capillaries and are carried into the 
extranodular venouses with almost static blood, where they grow in size and acquire 
the features of typical large hemocytoblasts and subsequently differentiate into erythro- 
cytes. Similar small lymphocytes migrate from the nodules into the extranodular stromal 
areas where they also grow in size and acquire the features of typical large hemo- 
cytoblasts and subsequently differentiate into granulocytes. Similar small lymphocytes 
of splenic origin are filtered out of the blood stream in the bone marrow and undergo 
' the same process of blood-cell maturation as the local nodular small lymphocytes. 

This evidence from submammalian hemopoietic tissues suggests that in mamm.als 
also the large numbers of lymphocytes daily lost to the body (25 billion in man) are 
filtered out in the bone marrow to serve as ancestors for red and white cells. Tlie 
lymphocyte is the universal blood mother-cell. It is an embryonic pluripotential blood cell, 
its future specific differentiation depending upon the type of stimulus it encounters; 
proximally, whether it continues sojourn in regions of sluggish blood flow as in venous 
sinuses or becomes halted m the extravascular stroma. Cytologic and embryologic evi- 
dence is completely negative to the claim that the small lymphocytes represent definitive 
cells, with specific unknown but important functions, comparable to conditions as re- 
gards erythrocytes and granulocytes. As derivatives from reticular stroma, lymphocytes 
constitute a portion of the reticulo-endothelial system. This system is the acknowledged 
source of macrophages (monocytes) and blood cells. The lymphocytes, properly inter- 
preted, constitute the chief circulatory portion of the reticulo-endothelial system 
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THE LYMPHATIC SYSTEM 

The lymphatic scries includes a system of Ij-mphatic channels which collect the 
lymph from the various tissues of the hotly an<! return it to the large veins of the 
neck, where it mixes with the blood. In the course of this lymph vascular system 
are various aggregations of lymphoid or adenoid twsiie which occur in the fonn 
of lymph nodules, lymph nodes and the lj*nip!mid organs. These organs are the 
tonsils, thymus and spleen. The lymphatic vessels also stand tn intimate relation 
if not in direct communication with the serous and synovial membranes and the 
bursae. 


LYMPH 

Like the blood, the lymph may be considered as a primary tissue whose inter- 
cellular elements arc entirely of a fluid nature. In most portions of the body, lymph 
is a colorless fluid which is scantily provided with corpuscular elements, the (yni‘ 
phalic corpuscles. The lymphatic corpuscles arc identical with the leukocytes of 
the blood. In the lymph most of these cells are of a mononuclear form, the small 
mononuclears or lymphocytes being the most abundant. Lymph also contains a 
small proportion of polymorphonuclear cells, which not only are derived from 
the lymphoid tissues, but as wandering cells find their way into the lymphatic ves- 
sels from the tissues generally. Dlood platelets are not present in I^-mph;* throm- 
boplastin is presumably liberated liy the lymphocj'tcs. 

The cells of lymph, predominantly of the small I^-mphocyte type, are derived 
from the numerous lymphoid masses (nodes and nodules) through which the 
lymph passes on its way from the tissues to the subclavian veins. According to 
Davis and Carlson* the number of Ijmphocytes contributed to the blood daily 
may be more than the total permanently present in the blood. Since the number 
in a cubic millimeter remains fairly constant, a number must be daily consumed 
in the body equal to the number added to the blood. Many of course actually suffer 
destruction, but it seems probable that a considerable number also first undergo 
differentiation into granulocytes, and perhaps as potential hemoblasts may function 
as parent cells of erythrocytes. The peripheral lymphatics always contain some 
red cells. 

A certain small number of lymphoqrtes migrate from the blood capillaries into 


» Howell, 1914- 
2 Davis and Carlson, 1909- 
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the tissue spaces and thence into the peripheral lymphatics. On the basis of this 
observ’ation it is believed by some that the Ijanphocytes traverse a contimious and 
complete circulation involving in series blood capillaries, tissue spaces, peripheral 
l^-mphatics, thoracic duct and right lymphatic duct, superior vena cava, heart, 
arteries, capillaries. This would explain the apparent daily ‘Moss” from the body 
of an enormous number of lymphocytes. However, if such circulation were actual 
fact, large numbers of Ijmphocytes, because of a necessarily slow progress through 
the tissue spaces, would pile up in the tissues, which is not normally the case. There 
is no rapid and extensive circulation of lymphocytes from blood to lymph. On the 



Flo 244 — Diagram of the Variable Fate of the Lymmioc^te. 

A, lymphoid tissues (eg. spleen) from which Ij-mphocytes pass directly into the Wood; 
B, lymphoid tissues (eg., lymph nodes) from which IjTnphocytes enter the Wood indirectly tia 
the lymph stream (thoracic duct). Along route I lymphocytes may pass from the Wood to the 
connective tissues and thence to lymphatics, along route II they may pass through the intestinal 
mucosa to leave the body with the feces, along route III they may be filtered out in the bone 
marrow as potential Iieraocytoblasts. (Yoffey and Drinker.) 


contrary it has been shown that out of evt^ry thirty lymphocytes entering the 
blood through the lymph stream, twenty-nine are newly formed anti only one has 
entered the Ijinph from the blood.® 

In addition to the leukocytes Ij-mph contains (at globules and glycogen. These 
are mostly the products of absorption from the intestinal tract, in which process 
the lymphatic vessels play an important role. In the lymphatic vessels of the intes- 
tine during absorption fat globules are so abundant as to impart to the lymph a 
milk) white color ; this variety of lymph is termed the chyle. These fat globules are 
rapidly removed by the l>mphoid organs, since even in the presence of abundant 
chyle only comparatively few fat globules escape into the general blood current 
The lymph of other portions of the body tlian the abdominal region, therefore 
contains relatively little fat, ’ ’ 


® Drinker and Yoffey, 1939. 
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The lympli, unlike the hlood, circulates in hut one direction, vis., to\vard the 
heart. It must therefore be formed in the tissues pcncrally. The blood plasma con- 
stantly escapes through the walls of the capillary vessels into the surrounding 
lymphatic spaces of the tissues. It is these tissue spaces which have l)ccn consid- 
ered as forming the beginning of the lympliatic sy.stcm. However, the tissue spaces 
are not directly connected with the lymplnlic vessels, but just as the plasma exudes 
into the tissue spaces by processes of secretion, osmosis and filtration, so the tissue 
juices, as the predecessors of lymph, enter the ly^rphatlc vessels by similar processes 
of secretion, osmosis and filtration. Lymph is also formed by absorption, which 
occurs chiefly in the alimentary tract. 

Under favorable conditions the lymph will coagulate, though more slowly tluin 
blood, the fibrin forming a firm, colorless clot in which the lcukoc>1cs are en- 
tangled. Because of their tendency to adhere to the sides of the vessel— thus 
circulating at the pcripheiy of the current — the lymph cells arc most likely to be 
found at the periphery in those postmortem clots which occur within the lymphatic 
vessels. 


LYMPH VESSELS 

The lymph vessels (lyiii/^halies) \'ary in size from that of the smallest capillaiy 
vessels up to that of the thoracic duct. The smaller vessels, lymphatic capillaries, 
form anastomosing meshes in all tissues where blood capillaries are found. They 
are most abundant in the perivascular connective tissues, where they form a dense 
plexus about the wall of the blood vessels. 

The wall of the lymphatic capillary, like that of the blood capillary, consists 
of a single layer of endothelium. This endothelium probably forms a complete lin- 
ing for the IjTnphatic capillar)’ and is continuous through larger and larger vessels 
with that of the veins, from which, according to Sabin,* the lymphatics are originally 
developed. 

The relation of the lymphatic capillaries to the tissue spaces is not as yet 
definitely settled. It was formerly thought that these spaces were continuous with 
the lymphatic capillaries, but the observations of MacCallum ' seem to show that 
the capillaries of the lymphatic system, like those of the blood vascular system, 
form a senes of branching channels which are open only toward the veins. Accord- 
ing to this conception, therefore, the tissue juices, formerly also considered as 
lymph, are contained within a separate series of channels, the tissue spaces and 
lymphatic canaliculi, and they enter the true Ijiuphatics only by processes of osmosis 
and the secretory activity of the lymphatic endothelia. 

The lymphatic capillaries are of rather irregular caliber, generally greater than 
that of blood capillaries, and possess frequent sinus-like dilatations, which peculiarity 
is also characteristic of the larger lymphatic vessels. 

The lymphatic capillaries soon acquire an adventitial sheath of fibro-elastic 

♦Sabin. 1902 

« MacCallum, W. G, ipoj 




Fig. 245.— Subcutaneous Lymphatic Vessel or a Fetal Pic. 
At the right is a small blood vessel. Highly magnified. (MacCailum.) 



Fig 24''i.— The Growing End of a Df\elopinc Lymphatic Vessel in the Subcutaneous 
Tissue op a Fetal Pig. 

The lumen of the 'essel has been filled with a dark injection mass. Highly magnified 
(MacCailum ) ** 
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tissue oml (MSS into the jmalUr lyiii/>lutlu- msch. On attaining a sire of from 

0.2 to 0.8 tiiilliiiicttr llicir wall is (liirc-rcntiatcd into the same three coats which 
arc found in the veins. Except for the fact that they contain l>niph instead of 
Mood, these vessels closely rcsemhic the .siiull veins, and like some of the latter 
vessels they possess fretpieiit s-alvcs. 

The tunica intinia of the l)m|ih vessel consists of .an endothelial lining with 
a thin delicate fihro-clastic menihranc. The tunica media is thin and contains cir- 
cular smooth muscle cells. The adventitia is the thickest coat of the lymph vessel. 



Fic S47. — Lvmpiiatic and Blood Vp-sscls in the IIilUS of a Human Lymph Node. 
a, lymph vessels; b, blood vessels. Photo. XJ6o 

It consists of fibro-elastic connective (issue and longitudinally disposed scattered 
bundles of smooth muscle fibers. 

The wall of the lymph vessels is supplied tvith small blood vessels and nerves, 
in the same manner as the veins. The nen’es form a plexus in the adventitia from 
which branches arc distributed to the media and intima. Kytmanof has traced the 
fine nerve fibrils to the smallest lymphatic capillaries, where they end in close 
relation to the endothelial cells. 

To summarize : the lymphatic capi'Jbries arise by one of three methods : 

1. As lymphatic plexuses in all connective tissues; the most abundant of these 
are the perivascular lymphatics. 

2. As dilated pouches having blind extremities, as in the vilH of the small intes- 
tine where they are known as lacleals. * 

^ By direct communication with the stomata of the serous membranes. The 
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presence of true stomata in the serous membranes of man with the exception of 
possibly certain portions of the peritoneum is disputed. 

The lymph is derived from the tissue juices and by absorption from the alimen- 
tary tract, and is conveyed by the lymphatic capillaries to larger and larger lymph 
vessels, which resemble the small veins in their structure, and which finally empty 
into the* subclavian veins of the neck, at their junction with the internal jugulars 
The main lymph channels are the thoracic duct on the left, and the right lym- 
phatic duct. Only the thoracic duct drains the abdominal lymphatics and is thus 
much the larger vessel. Toward its distal end it expands into a receptacle for the 
absorbed chyle, the cisterna chyli 



Fig. 248.— LyMPfiATxc OPtccARV from the Spermatic Cord of a Dog, Showing Nerve 
Endings 

Methylene blue. Highly magnified (Kytmanof.) 

Development. — According to Sabin the mammalian lymphatic system has its 
primary origin in two paired and one unpaired venous sprouts: the jugular, 
inguinal (sciatic), and mesenteric (retroperitoneal) lymph sacs. Certain investi- 
gators ®' ^ interpret these sacs as the products of fusions of still more primitive 
discrete lymphatic pnmordia which arose as mesenchymal spaces; and their con- 
nection with the subclavian, sciatic and renal veins as secondary unions. Sabin and 
others regard the lymphatic endothelium once having sprouted from the venous 
endothelium as strictly specific, and the entire lymphatic system as a derivative 
by sprouting and fusion of these three sets of pnmordia. 

Huntington and McClure derive the definitive lymphatic system by a progres- 
sive fusion of isolated mesenchymal spaces (mainly in the extraintimal portion 
of disappearing veins) and cells in the paths of the future lymphatic trunks. 
According to the one school Ijmphatic endothelium can arise only by proliferation 
of preexisting endothelium; according to the other, endothelium can continually 
difTereniiate from young mesencbjina 

The obser\’ations of Clark* on the growing lymphatics in the tail of living frog 


* Huntington, 1911. 
T McClure, 1912 
® Clark, 1909. 
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tadpoles where the process of sprouting could he clearly followed, leaves no room 
for douht that lymphatics spread throuRh sproulinjr, hut the material and data give 
no information as to the manner of origin of the initial primordia, which is the 
real question at issue. It is perhaps as yet too early to decide the matter on the 
basis of available evidence, liut the extensive histologic data of Huntington and 
McClure strongly support their claim of primary lymphatic origin by confluence 
of isolated mesenchymal spaces. 

The injections of Sahin which show a progressively enlarging continuous sys- 
tem in pig cmhr>’OS apparently flatly contradict this hyi>othcsis; hut the objection 
cannot be fairly ignored that the advocates of lymphatic origin through fusion of 
isolated spaces base their claims on apjicaranccs licforc the establishment of a 
continuous system or even the several sets of ^midiatic sacs, and the further fact 
that the injection method is unsuitahlc for revealing lymphatic primordia existing 
as isolated spaces. As concerns endothelium m general, Huntington® regards an 
endothelial cell as simply an adaptive form of a mesenchymal cell, “modified in 
accordance with definite hydrostatic and other purely meclianical factors,” resulting 
from the presence of blood or lymph. On drainage of the fluid and consequent 
release of pressure, the endothelial cell is liclicvctl to be capable of again reverting 
to “the type of the indifTcrcnl mesenchymal cclJ.” Kampmeier presents evidence 
from a study of sections of the young toad embryo apparently demonstrating the 
primary origin of lymphatic endothelium only from venous endothelium; but the 
primary sacs and ducts arise by a confluence of these earlier discrete venous buds. 
A concise discussion and summary of this subject is given by McClure.** 

SEROUS MEMBRANES 

The serous membranes form dosed sacs which line the great cavities of the 
body and are reflected over the viscera to form a double covering, the two layers of 
which are freely movable over one another. Of these two layers the one, the 
parietal layer, is attached to the ivaH of the Ifody cavity, the other, the visceral 
layer, covers the surface of the inclosed organ. 

The serous membranes consist of a mesolhcUal liiwtg and a supporting mem- 
brane of areolar connective tissue which is ridily supplied with capillary blood 
vessels and lymphatics. The mesothclium consists of large flat cells, pavement 
epithelium, whose serrated margins are firmly united by an intercellular cement 
substance. Here and there minute openings are seen which are surrounded by 
very small mesothelial cells ; these stomata have been found to be in certain instances 
directly connected with the lymph vessels. Some regard them as transient fenestra, 
others as artifacts 

Lamina (Tunica) Propria. — ^The mesolhelium rests upon a layer of areolar 
tissue which is richly supplied with small blood vessels and lympliatics, forming 

e Huntington, I 9 I 4 - 

10 Kampmeier, IQIS- 

11 McClure. lOiS- 
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an abundant vascular plexus beneath the mesotlielium. The serous membrane is 
either directly united to the wall of the ca\-ity and the surface of the organ which 
it envelops, or it may be attached by a loose layer of submesothclial connective 
tissue. 


Eiidaikcliitm iUsothelium Fat efilt 



Fro. 249 —Vertical Section of Mesentery or Man. 
(Hardesty.) 



Fic. 250.— Section of a Vascular Synovial Villus 
FROM THE Knee Joint of a Child. X200. 


The thickness of the mesolhelial cells varies in different portions of the serous 
menihranes and is somewhat dependent upon the age of the individual. In most 
portions the membrane is no more than a pavement epithelium, hut over the surface 



220 


LYMPHATIC SYSTEM 


of the functionally active ovary the cells arc much tliickcncd and acquire a aiboida! 
shape; thus it forms tlie “germinal cpitheliunr* of the ovary. In young individuals, 
vh., in fetal life and early childhood, the cithoidal cell tvjx: is found in many 
portions of the peritoneum, pleura and ]K:ricardiuiii, 

The synovial wanhrancs rcscmhlc the serous in their structure. They are clothed 
by a single layer of pavctucnl cells which may be inconijdctc in places. This 
epithelium (mesenchymal epithelium) is supjKirted iiix)n a layer of firm fibrous 

. .‘1 ' • ^ 
m * f • 





Fic- 251. — A Lymph Noduie, Solitary Follicie, from the Large Intestine of Man. 

Migrating lymphocytes from the nodule liave invaded the lamina propria of the mucosa, 
tissue richly supplied with both Ijmph and blood capillaries. In the recesses of the 
joints the synovial membranes are frequently thrown into small villous folds, which 
are clnefiy formed by the inner portion of the fibrous coat and are covered with 
epithelium; these are the synovial villi. 

The bursae and the synovial sheaths of the tendons are of similar structure. 

Both the serous and the synovial membranes are moistened by fluid which 
contains leukocytes m small numbers, and closely resembles the lymph and tissue 
juice in its composition. 
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Fic 252 — MtDiAN Vebtical Section or Secondary Lymphoid Nodule of Human 
Lymph Node. 

The upper light half of the secondary nodule is the phagocytic zone, the lower dark half is 
the proliferative zone, the narrow dark border is the mantle zone of the primary nodule. 
X66 (Kindred). 

LYMPH NODULES 

The lymph nodule (/yui/’/i follicle) is a structural unit of lymphoid tissue 
which may exist independently, as in the solitary nodules of the intestinal tract 
or may form groups or accumulations consisting of a greater or less number of 
nodular units. In this latter condition they occur in the mucous membrane of 
the small intestine as Peyer’s patches, in the tongue as the lingual tonsil, in the 
fauces as the faucial tonsils, in the pharjmx as the pharyngeal tonsil, in the wall 
of the laiyngeal cavity, in the spleen as the malpighlan corpuscles (splenic nodules), 
in the lymph nodes as the peripheral l>mph nodules, and in the thymus, where 
we may consider the lobule of the organ as being the structural equivalent of a 
lymph nodule. 
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The lymph nodule consists of a mass of lymphoid tissue, usually of ovoid 
fonn, which is surrounded by or cmlicddcd in connective tissue. In those locations 
where it exists independently the nodule is completely surrounded by the connective 
tissue in which it lies. In other places, as in the lymph nodes, the nodule is only 
partially surrounded by the connective tissue trahcailac of the organ. Not only 
do fine branches from the surrounding comicctivc tissue l)undlcs penetrate the 
periphery of the nodule, hut the reticulum of the nodule is continuous with these 
trabeculae, thus forming a supporting stroma in which the lymphocytes arc 
embedded. 

The lymphocytes arc loosely packed in the center of the nodule, and in this 
portion cell division by mitosis is most active. This central portion is the gcruunal 
center of Flemming, or secondary tiot/ufe. The germinal center is surrounded by 
a denser circumferential layer of lymiphoid tissue in which cell division is less 
active. Petween this denser portion and the surrounding connective tissue the 
lymphocytes arc again more loosely packcti, and over a greater portion of the 
nodule are separated from the tralicculae by a lacuna-like space, tlic internodular 
lymph sinus. 

Rohlich“ and Kindred” recognize in the secondary nodules of lymph nodes 
a distal light zone in which phagoc>tosis is the essential activity and a proximal 
dark zone (Fig. 252) where l)’mphoc)'tc proliferation is relatively predominant. 
However, phagocj'tosis prevails In approximately equal degree throughout the 
nodule. 

The nodule is usually supplied with a thin*wallcd artery, occasionally t^vo, 
which penetrates to the middle of the nodule to form a wide-meshed capillary 
plexus. The capillaries, at the periphciy of the nodule, unite to form two or more 
veins, which are contained in the adjacent connective tissue. 

The lymph cells are mostly of the mononuclear tj-pe of leukocj'te, the small 
mononuclear or lymphocyte type being the most abundant. PoI}Tnorphonuclear and 
eosinophil leukocytes are also found in the Ijinph nodules, though in much smaller 
numbers, flfitosis is most frequently observed in the large mononuclear type. Be- 
cause of the nomadic tendencies of the leukocytes the boundaries of the nodule 
are not always sharp, the IjTnph cells frequently infiltrating the surrounding con- 
nective tissue so as to render it most dilHcuIt to distinguish the latter from the true 
lymphoid tissue of the nodule. 


LYMPH NODES 

Lymph nodes {lymph glands') occur in the course of the lymph circulation in 
various parts of the body. They.are found in the neighborhood of the large joints, 
as in the axilla, the groin, the popliteal space, in the prevertebral and mediastinal 
connective tissue of the abdominal and thoracic cavities, and in the mesentery. 


isRohlich, 1930- 
Kindred, I937* 
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They are frequently in relation with the large arteries, e.g., the renal and the 
internal and external carotids. 

Each lymph node consists of a mass of nodular lymphoid tissue inclosed within 
a firm fibro-elastic connective tissue capsule. The capsule also contains a little 
smooth muscle tissue, but this is never so abundant as to form any considerable 
portion of the fibrous membrane ; in fact, as compared with the somewhat similar 
capsule of the spleen, that of the lymph node is notably deficient in smooth muscle. 

An afferent lymph vessel, pursuing its course within the capsule, enters the 
lymph node by a number of subdivisions which penetrate the deeper layers of the 



capsule and open into a peripheral lacunar space, the peripheral lymph sinns, which 
separates the inner surface of the capsule from the adjacent lymphoid tissue, but 
which is bridged across at frequent intervals by the fine strands of lymph reticulum. 

The lymphoid tissue, which forms the substance of the node, consists of a 
dense peripheral portion, the cortex, formed by closely packed primary lymph 
nodules, and a looser medulla in which are columnar accumulations of dense 
IjTTiphoid tissue, the lymph cords. 

Cortex. — The nodules of the cortex are partially separated from each other 
by septum-like trabeculae which extend inward from the fibrous capsule, and along 
which the peripheral lymph sinuses arc continued into the substance of the node 
to partially surround its lymph nodules. 

Each lymph nodule is thus surrounded, except at its central pole, by a peripheral 
lymph sinus, into which the afferent lymphatic vessels pour their contents The 
lymph on entering the gland is thus permitted to enter the spaces of the reticulum 
and percolate through the lymph nodules of the cortex before it can reach the 
looser portions of the medulh Each of the primary nodules of the cortex contains 
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a germinal center (secondary nodule) in which lymphocytes are actively formed 
by mitosis, and from which the lyinpliocytes readily escai)c along the lymph channels 
of the rcticuhim Into the more open meshes of the medulla. 

Medulla. — The medulla occupies the center of the gland, and at one point, 
the hilus, it reaches the surface. At this jioint a considerable mass of fibrous 
trabeculae enters the medulla, carrying witli it the larger blood vessels to k dis- 



Fifl 254 — Transection of a Mfscnteric Lymph Node of a Man. 
Hcmatcin and eosin. Photo. X38. 


tributed to all portions of tlic gland. The finer ramifications of these medullary 
trabeculae arc continuous with those of the cortex. 

The lymphoid tissue of the mcilulla is divisible into the denser branching 
lymph cords, in wbiCli the lymphocytes arc closely packed, and the intervening 
pulp spaces, or medullary lymph simtscs, in which lymphocytes are diffusely 
scattered. 

The pulp spaces are broad channels, wliich arc occupied by a reticulum wliose 
meshes arc partially filletl with lymphocytes. They are bounded by a layer of 
endothelioid cells which everywhere incloses the denser lymph cords. The function 
of these cords is comparable presumably to that of the peripheral lymph nodules. 
The lining of the sinuses and pulp spaces constitutes a portion of the reticulo- 
endothelial system. 

The pulp spaces are open toward the cortex, whence they receive the afferent 
lymph after it has percolated through the nodules, but toward the hilus the spaces 
are continued into the efferent radicles of the lymph vessels which, in the con- 
nective tissue of this part, unite into larger trunks, and finally form several efferent 
lymph vessels of considerable size 

The rcfiriihnn of the l>-mph node is a close-meshed network of interlacing 
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fibrillar bundles, which are here and there clasped by flattened endothelioid con- 
nective tissue cells. Reticulum is but poorly stained with either acid or basic dyes, 
is destroyed by acids and bases, but is not digested by pancreatin. After prolonged 
action of Wcigert’s specific stain for clastic tissue it is but slightly colored. 

Lymph nodes are subject to great variation. 

They are unstable structures ; they apparently regress 
and regenerate according to need. The typical or 



ideal node is rare. Primary \’ariation concerns the 
relation of cortex to medulla. On this Iwsis lymph 
nodes may be classified as of two types.'^ In Type I 
the nodular portion surrounds the sinusoidal (medul- 
lary) portion, except at the hilus. In Type II the nodu- 
lar and sinusoidal portions are lo<1ged at opi^ositc ends 
of the node; a peripheral sinus occurs only over the 
nodular portion. In certain nodes large numbers of 
lymphocytes of the medullary cords have become 
transformed into plasma cells Certain smaller nodes, 
especially in the submaxillary and cervical regions, 
consist predominantly of plasma cells. The cause 
underlying this extensive conversion of lymphocytes 
into plasma cells is unknown. 

Lymph Cells. — The great majority of these cells 



are of tile small mononuclear or lymphocyte type. Blood Vessels 

Large mononuclear cells with a considerable cyto- or a Lymph Node, 


plasraic body are also very numerous Polymorpho- a composite section of three 
nucleated neutrophilic leukocytes, though of frequent nodules and the medullarj* cords 
occurrence, are less abundant than the previous va- ® ’^^emeric Emphatic node 
T- • 1.-1 11 » ' It 1 of the dog. E-J, artery; S. med- 

rieties. Eosinophil cells are present m small numbers, artery; C, follicular vein; 

and large basophilic mast celts are occasionally seen, £. artery going to the capsule; 
though according to Carlier they are mostly con- caj^llanes in the periphery of 
Sued to the connective tissue. Drummond" also Ldulw^rie”f AmeriaTcLp?- 
found large multinucleated giant ceils, megafcaryo- laries in a nodule; J, vein from 
cytes, similar to those of the hone marrow; these ”P^ule; fC, cord: Z., trabecula ; 
.... 1 . r, vein. Xcoi. f Calvert 1 

were, however, very rare. ^ z 


Many of these cells, after proper fixation, show mitotic figures. This mitosis 
has been most frequently observed in the large mononuclear type, and is most 
abundant in the germinal centers of the nodules. The small mononuclear and 
polymorphonuclear types have also been shown to be capable of cell reproduction 
by indirect division. Reproduction by direct division of leukocytes appears to he 


The mononuclear as well as the polymorphonuclear forms are phagocytic 


Carlier, 1893. 

** Drummond. 1900. 
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Among the inclusions wiiicli hnvc Ixrcn fotnul \i'itliin llicsc cells arc fat bIoIkiIcs, 
piKinent Brantilcs. ml Mood corpuscles iit |jar({al disInieBration. insoluMc pig- 
nients, .such as cnrljon gramtlcs. He., ami liacteria. The cells of the rcnculmn arc 
also cajiablc of phagocytosis. 



Fic. 256 — Reticulah Tissor. mom LviiPit Nook of Rabbit. 

Tissue culture preparation after four clays* grovili. Numerous Ijmphocytcs appear eentraliy- 
The Coarser filwrs arc collafrcnous. Ncniy formed reticulum (argyrophil) fibrils subsequently 
change into collagenous fibers. (Maximow.) 

Blood Vessels. — The arteries enter the lymph node at its hilus, and. following 
the trabeculae within which they lie, arc distributed to all portions of the organ. 
In the medulla branches are distributed to the lymph cords, in which they form 
a wide-meshed capillarj’ plexus. 

The terminal branches of the primarj' divisions of the afferent artery are 
distributed to the nodules of the cortex. A single nodular branch ” enters the 
nodule and passes straight toward its center, where it breaks into a plexus of 
divergent capillaries which unite at the surface of the nodule to fonn small 
venous radicles. 

The veins follow the internodular trabeculae in their course toward the medulla, 
where they enter the medullary trabeculae, are augmented by venous radicles from 


” Calvert, 1897- 
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the capillary plexuses of this portion of the gland, and thence follow the trabeculae 
to the hilus, where they unite to form the efferent vein. 

Certain of the arteries also pass from the medulla through the internodular 
trabeculae to the capsule of the gland, to which they supply a capillary plexus. The 
blood is returned through veins which retrace the course of the arteries and enter 
the large veins of the medullary lral>eculac. 


Developmcnt 

Lymph nodes arise through the invasion of primary lymphatic capillary plexuses 
by hmphocytes. The first lymph nodes arise in the regions of the axilla and groin 
during the third month of developmcnt. Such areas become circumscribed by the 
development of a capsule from the surrounding mesencluTna. The capsular tissue 
is continued into the developing node in the form of trabeculae, terminating in a 
dense network of delicate reticular fibers. Hydrostatic conditions probably deter- 
mine the formation of a periplieral l>mph sinus. The retention of certain channels 
(internodular and medullary sinuses) between the peripheral sinus and the efferent 
lymphatics at the hilus is likewise probably determined mainly by the operation 
of like factors, brought into play through the appearance of cortical nodules. These 
nodules arise as regions of proliferative activity of lymphocytes. The node has 
meanwhile early become invaded at a point which becomes the hilus by a vascular 
and nerve supply. Nodules arise as accumulations of proliferating lymphocytes 
about the cortical arterial twigs. Hcmol>mph nodes apparently arise in a manner 
similar to the origin of ordinar> lymph nodes, and become only secondarily modified. 
The reticular tissue of lymph nodes may in part arise from the capillary endo- 
thelium. 

The function of lymph nodes is the production of lymphocytes, which may 
become pliagocytic leukoc>tes. Lesidcs having a leukopoietic role, lymph nodes 
probably function also as centers for the dissolution of worn-out blood elements 
in which process phagocytosis predominates, the hmphocytes being in part assisted 
by the reticulo-cndothehal cells of the Kniph sinuses. Lymphoid aggregations also 
serve as '‘lymph filters,” the phagocjtcs removing from the lymph bacteria and 
other noxious products 


HEMOLYMPH NODES 

Hemolymph nodes {hemal nodes), which closely resemble the lymph nodes 
were first described by H. Gibbcs in 1884, He found them in the connective tissue 
between the renal artery and vein, in the human subject. They have since been 
found in the prevertebral connective tissue, in subcutaneous tissue, and in the 
mediastinum and mesentery. They are larger and more numerous in the ruminants, 
ox, sheep, etc., than in man. Their size varies from that of a millet seed to that 
of a pea In color they closely resemble a minute extravasation of blood. 

These organs are essentially lymphatic structures in which the lymphoid tissue 
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is armiipcfl in the form of cords rallicr Ilian in nodules. The no<Ic is inclosed hy 
a filjrons capsule, beneath which is a broad sinus filled with blood. In this fact, and 
also in the absence of lymphatics, lie the chief d/stm/ruishm^ icaturcs of these 
glands. 

The peripheral hload siws, which is analogous to the peripheral lymph sinus 
of a lymph node, sends into the interior of llic organ a greater or less numlicr of 
secondary sinuses. lia.scd largely ii|»on the ahiindancc of these secondary .sinuses, 
the hcmolymph iindc.s have hecn divided into two varieties, named by Wanhm ” 
the “splciwlyiiiph glands" and the 'Umrrmvtyutph glands/’ 



It 

Pic 257 — Section of Human flFMOi-YJtpii No»e (Srui.voLy.MPn Clanp). 

C , capsule, T , trabecula; PBS, pcnpljcral blood sinus; L.T.. lymplioid tissue, largely in 
tfie form of cords; SffS, secondary blood sinus; //, hthts, (Wsrthm.) 

In the splenolymph type, which is the more abundant, the node is of small 
size and is well filled with secondary blood sinuses. The lymphoid tissue is sup- 
ported by a similar reticulum, and contains the same varieties of lymph cel/s as m 
the lymph nodes 

In the marrowlymph nodes a somewhat similar structure is found. The blood 
sinuses are Jess nunjcrous and lymph nodules do not occur (Vincent, "VVarthin). 
The eosinophil leukocytes and giant cells are more numerous than in the spleno- 
lymph type, and the marro^vl^mph nodes as a rule are the larger, 

Huntington has suggested tliat some of the structures described as hemolyniph 
nodes may be postnatal ficmocytopoietic foa, m which erythrocytes d evelop from 

**Warthin, 1901. 

»» Huntington, I9r4 
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the reticulo-endothelium of the lymph channels. They probably function as accessory 
spleens having a combined lymphopoietic, erythropoietic and phagocytic activity. 

Intermediate types between the lymph nodes and the .‘Jplenolymph type=° on 
the one hand, and between the splenolymph node and the spleen and marrowlymph 
type on the other hand, are of frequent occurrence. 

Hemal nodes are now generally regarded as tnodified or converted lymph 
nodes, the changes resulting from atrophy and disjunction of the lymphatics.-^ 
They may represent temporary stages in the regression and involution of transient 
lymph nodes Meyer,-* however, considers hemal nodes as specific organs un- 
related genetically to lymph nodes. He describes their separate origin in fetal 
mesenchyma. The peripheral blood sinus is said to develop in loco, independently 
of a vascular plexus. Arteries and veins only subsequently invade the node to 
establish the blood supply. 

Blood Supply. — ^The afferent artery, according to Drummond, enters the 
hilus with the connective tissue, and through the trabeculae reaches all parts of 
the node. In the lymphoid tissue its branches form a capillary plexus whose vessels 
open into the blood sinuses. The presence of blood in the sinuses is variously 
accounted for also as the result of extravasations from the capillaries and veins, 
and as the product of an erythrocyiogenic transformation of lymphocytes. All the 
sinuses, peripheral and secondary, communicate with each other, and from them 
the blood is ultimately collected into two or more tbin-wallcd veins. In the center 
of the gland these vessels unite to form an efferent vein which passes out at 
the hilus. 

Weller suggests the use of the designation hemolymph nodes as a generic 
term, applying the term hemal nodes to such as have blood vascular connections 
only, and hemal lymphatic nodes to those with lymph sinuses containing blood or 
with both blood and lymph sinuses. He evaluates the current data as supporting 
the conclusion that “Hemal nodes are certainly, and hemal lymphatic nodes are 
probably, organs jin' generis, '' as originally held by Warthin. 

THE TONSILS 

The Faucial Tonsils (Palatine Tonsils, Amygdalae) .—The tonsils consist of 
a mass of lymphoid tissue which projects slightly from either side into the cavitv 
of the fauces, and is covered by a layer of stratified squamoits epithelium con- 
tinuous with that of the oral and pharyngeal cavities. The lymph nodules which 
compose the tonsil immediately underlie the epithelial coat, and are embedded 
in areolar connective tissue. A thin capsule separates the tonsil from the under- 
lying muscle. 

Vincent, 1897. ^ ^ — 

-*Von Schumacher, 1912. 

Jordan, 1927. 

Meyer, 1917. 

Drummond, 1906. 

*3 Weller, 1938. 
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The ci)ithclial coal here and there imictralcs ihc snlistancc of the organ m 
the form of invaginalcd finincl-shaiwl cIcj>rcssion<. the cry(<ls (follicles of the 
tonsils), ten to twenty in Jiumlicr. The direction 0/ tfie cryjits in the tipper tliird 



Fio. 258 .— Verticau Sf4tios Timocott the Faucjai. Tonsil ot a XIan. 

The crypts, two of wlilcli arc slio«ti opcnmir on the surface, arc linetl with slratififd jfiuanious 
epithelium continuous with the mucous membrane. The white circular arras represent hTOph 
nodules The large black dots on the figt't and left borders represent striated muscle. (Ifardcsiy.) 



Fic 359 — Fiiosi A CaypT or a Doc’s Tovsil. 
a, stratified squamous epithelium: f*. basal margin of the epithelium: c, infiltration of the 
epithelium by leukocytes; d, spaces m the epilheliimi filled with leukocytes and epithelial cc s, 
c, blood vessel; f, lymphoid tissue. Xi50- (Bohm and von Davidoff.) 

of the tonsil is downward and outward. The ducts of many mucous glands open 
into the recesses of these branching crypts. The mucus-secreting glands lie m the 
loose connective tissue which surrounds the tonsil on all but its faucial surface. 
The crypts are lined throughout by a laj'er of stratified squamous epithelium, which 
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is continuous with that on the free surface of the tonsil, but which becomes pro- 
gressively thinner as it recedes into the deeper recesses of the crypts. 

Many of the Ij-mphocytes migrate into the intercellular spaces of the epithelial layer, 
and even penetrate to the free surface; thus they find their way into tlie oral cavity, where 
they occur in large numbers in the saliva, as salk'ary corpuscles. Within tlie superficial 
layers of the epitlielium or within the crypts the nuclei of the lymphocytes tend to become 
polymorphous. Kingsbury interprets this as an incipient fragmentation and degeneration 
{Am. J. /Inaf., \ol. 75, 1945)* If such salivary corpuscles are examined m a drop of saliva, 
freshly prepared, the fine intracellular granules of the polymorphonuclear leukocytes will 
be seen to undergo an active dancing movement, brotcwati molton. The salivary cor- 



Fic. 260 — The Lingual Tonsil of AIan. 
a, a crypt ; b, von Ebner’s elands X 45. 


puscles are derived not only from the faucial tonsils but from the other lymphoid tissue 
winch is in relation with the oral mucous membrane, eg., the lingual and pharyngeal 
tonsils. 

The passage of leukocytes through the epithelial surface of the faucial tonsil is co very 
active that at times the epithelium becomes completely filled with tliese cells, and it is then 
difficult to distinguish it from the adenoid tissue beneath. The normal tonsils atrophy 
after puberty 

Although the tonsils are accumulations of lymphoid nodules these nodules are not 
surrounded by lymph sinuses and lymph does not filter through them. In this respect they 
resemble the lymphoid nodules of the spleen. However, lymphatic capillaries in the form 
of a plexus he in the connective tissue between the e.xternal surface of the nodules and 
the epithelium Tliese channels connect with lymphatics from the dorsum of the toninie 
and dram into the superior deep cervical lymph nodes The blood supply is from two 
sources, branches from the ascending pharyngeal and facial arteries enter its bme inrl 
branches from the lingual and descending palatine arteries supply the mucous siirfnri* 
A \enous ple.xus communicates with the veins of the pharynx The nprvp r 

branch of the glossopharyngeal nerve. > i he ner^ e supply is from a 

The Linsnal Tonsil._A collection of Ij-mph nodules is also found at the base of the 



238 LYMPHATIC SYSTLM 

tonRtte in the mwlian tine, between the ciraimvaltate papillae an<l the epiKloUii. Tills 
becaiKc of its similarity in appearance ami in structure (o tlic faucial tonsil, is called tlie 
linjjual tonsil. 

In tlic liiiRual tonsil, however, the nmlulcs arc Broupctl aliout a single wide-moutlied 
crypt, the fortmen caecum Uugme. This crypt is frcrjucntly branched, and into it the 
many mncnns plaiids of tlie netBlihorinfr liiifnial in«cos.a pour their secretion. 

The Pharyngeal TonsU.— Tlic posterior svall of tlic nasopharynx is supplietl wiili a 
similar accumulation of lymph nodules, the pharynKc.at tonsil. It lies in the mctlian line 
and extends clowinvanl from Iictwccn the orifices of the auditory (piist.icliian) tulws for a 
distance of three centimeters. It contains a cotisidcMble ntimlicr of lymph nodules and 
several small crypts. The latcr.al extensions in the vicinity of the tiihal orifices are some- 
times known as tlie iiiluil louvls. 

The pliarynfjcal tonsil is prone to hypcriropliy in youth, in which case it forms the 
adenoid growths wliich are common in certain children. 



Fic. 261.— Sectioh or Human Spleen. 

The capsule, two attached traficcutar, and several splenic nodules with their artery, are well 
shown, Xa.40 

Viewing the several tonsils and the associateil lymphoid tissue as a wliolc, it will he 
perceived th.at they constitute a lymphoid ring at the gateway to the alimentary and res- 
piratory tracts. The function of the lymphoid tissue is to produce phagocytic leukocytes 
for the protection of the body against bacteria and other noxious products. The tonsillar 
crypts offer favorable foci for the lodgment, invasion and attack of such harmful ele- 
ments The location of this annular mass of lymphoid tissue is significant; it is placed 
where it can apparently best perform a necessary function When called upon to increase 
its functional activity lymphoid tissue responds by hypertrophy; this of itself may cause 
inconvenience by obstructing the channels employed in respiration and phonation. But 
when unable to respond adequately and thus successfully cope with the infecting material, 
the tonsils become diseased. This is commonly considered to call for removal of the 
involved lymphoid masses. Excised tonsillar tissue may be largely compensated for by 
regeneration and hypertrophy of other poninvolved lymphoid tissue. 
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THE SPLEEN 

Structure. — The spleen is the largest lymphoid organ of the body. It is located 
to the left and dorsally between the stomach and diaphragm, has an irregular 
oval outline, measures about five inches in length and three inches in thickness, 
and weighs about seven ounces. It is subject to great variations in size and shape. 
It is enveloped by a thick, firm fibro-elastic cafsulc, or tunica albuginea, contain- 
ing smooth muscle in its inner portion. The muscle provides for a slow, rhythmic 
contraction, about once a mimUc, assisting the flow of the blood. External to this 
is also a peritoneal investment, or tunica serosa. The capsule of the spleen of 



Fic 262 — Diagram of CnicutATioK of Spleeh. Represekted in One Plane. 

The sinusoids are shown distended The right side of the illustration represents the abundance 
of sinusoids and arterioles as seen in sections. (Hardesty ) 


the ox is especially robust, and rich in smooth muscle At one point, the hilus, 

the capsule projects into the spleen as a large mass of trabecular tissue. Over 

the entire surface also other trabeculae project from the capsule into the paren- 
chyma of the organ These trabeculae have a structure similar to that of the 

capsule. The supporting tissue of the parenchj-ma is a delicate reticulum. This is 
continuous with the fibro-elastic terminal processes of the fibromuscular trabeculae 
The primary trabeculae divide the parenchyma imperfectly into roughly pyram- 
idal compartments about one millimeter in diameter, with three trabeculae for 
each lobule This lobulation is faintly indicated by surface markin^^s Accordin<^ 
to ilall this unit of structure, the spUntc lobule, is further subdivided into ahom 
ten smaller compartments by anastomosing septa, continuous with the primary 
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splenic pulp. At first, ami for a considcralilc distance, tiiey follow an independent 
course through the pulp, receiving at the same time frequent accessions of Hood 
from other venous radicles, rinally, however, the veins enter the larger trabeculae, 
but arc still devoid of more complete coats than the thin membrane of fibro- 
clastic tissue which surrounds the endothelial tul>c, hut which is now ensheathed 
by the trabecular tissue. Ilcnccfortli the path of the veins lies within the tralieculae 
(interlobular veins), and is directed toward the hllus. On approaching the hilus 
the larger veins aciiuirc the usual venous coats. Having arrived at the hilus, they 
form several efferent vessels which, in the outlying connective tissue, form by 



Fia. 265— VAScertAR System or Tiir Sixeev. (ADAnro ntoM Bra us.) 
a, outline of complete splenic nodule, c, shown cut in transverse section j 6, germinal center 
of nodule; J, capillary endings whhin the nodule; r, path of direct communication between 
artery and vein, /, extratrabccular artery entering a splenic nodule; t/, trabecula; /i, path of 
communication between fenestrated ampullary terminal of artery and open end of venous sinus; 
i, alternate possible course of blood through splenic pulp; J, free communication between pulp 
and venous sinus. 

their union the splenic vein. The endothelioid lining of the arterial ampullae and 
the continuous venous sinuses belongs to the reticulo-endothelia! system. 

Microscopic observations of the terminal splenic circulation in unstimulated, 
living, transilluminated spleens of mice, rats and cats by Knisely revealed the 
presence of "sensitive, powerful, reactive sphincters located at strategic positions 
for the “precise, integrated control of the distribution of blood.” The sheath of 
Schweigger — Seidel on tlie component arterioles of the penidlli are described as 
especially powerful sphincters. The other sphincter regions include the area of 
transition ‘from arterial capillary to venous sinus (afferent sphincter), transition 
from venous sinus to collecting venule (efferent sphincter) and the occasional con- 


Knisely, 
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nection between two adjacent sinuses (Fig. 266). The sinuses progress from a 
collapsed conduction (post-storage) phase, when they resemble the pulp “partition’ 
capillaries to successive “filling-filtration” phases, to the final storage phase, at 
which time the efferent sphincter closes Erythroplastids may pass in small numbers 
through the sinus wall into the pulp cords during the filling-filtration and storage 



Fic. 266 — Composite Diagram of Types or Vascular Connections Observed in Living 
Spleens of the Rat (Kniscly, 1936). 

I, II, III and Ilia, individual venous sinuses of a multiple sinus sj-stem, all in storage phase 
a, open efferent end of a single sinus route in early emptying phase; b, shows where efferent 
end of sinus III connects to afferent end of sinus II, c, shows where efferent end of sinus Ilia 
connects to side of sinus II; d, shows a venous sinus in conducting phase to distinguish it from 
pulp partition capillary, e, m different positions marks the end of the diagram; at each of these 
positions the blood vessels would connect to other blood vessels if the diagram were extended' 
1 . arterial-capillary entering the side of a venous sinus; r, a rare type of connection between 
sinuses; cal>., the long relatively straight capillaries which extend lengthwise through the pulp 
partitions and end by connecting to venules Plus signs indicate the positions of the sensitive 
reactive physiological sphincters whose coordinated actions play so large a part in the control 
of the circulatory processes of the spleen 
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phases. The massive accumulalion of crjihrophslids in the pulp cords, characteristic 
of microscopical sections, is interpreted as llic result of traumatic stimulation 
incident to the use of fixing; fluids. 

Solnitzky ” interprets the ellipsoul as an inicRral part of the rcticulo-cndothelial 
system, a localized condensation of splenic pulp comprising rctiajlar filxjrs anti 
intensely pliaRocytic reticular cells. It contains neither smooth muscle. coflaRcnous 
fibers nor clastic filjcrs. It has no active regulator)' function. The axbl vessel is a 
capillary with no preformed stomata, 

DifTcrentiation from Lymph Node. — ^Thc spleen in ‘section can be readily 
difTcrentiated from a lymph node; it lacks a definite sulxlivlsion into cortex and 
medulla characteristic of the lymph notle, its pulp contains a preponderating num- 
ber of red hlood corpuscles and its capsule is relatively very robust and contains 
a greater amount of smooth muscle. Tlic spleen may lie thought of as a congested 
lymph node, consisting wholly of tnedulla, throughout whicli ore scattered lymph 
nodules, the splenic nodules. It might tpiite pro|XJrly he dcscrilicd as a huge hemo- 
lymph or hemal node. 

Splenic Cells. — Ilcsidcs crythroplastids and occasional crythocytes, the pulp 
contains also the several varieties of lcukoc>'lcs: I)Tii})hocytes. granulocytes, a 
few megakaryocytes, and hlood platelets. The icukoc)tcs of the spleen are largely 
of the large mononuclear tjpc (tissue monoQ-tes). These arc notably phagocytic, 
frequently containing ctythroplastids. fragments of cells, pigment and other gran- 
ular debris. They are in a sense si»ccific for the spleen, hence calletl sttenie cells. 
Megakaryocytes are abun<Iant in the fetal spleen during its period of 
poletic function, but rare in tlic adult spleen. 

Lymph Supply. — ^Thc lymph supply of the spleen is relatively scanty. The 
capsular is independent of the trahecular system, which latter consists chiefly of 
perivascular lymph spaces and vessels draining toward the hilus. There are no 
lymphatics within the parenchyma. 

Nerve Supply. — The innervation includes both mjelinated and unmyelinated 
fibers. Tlie latter predominate, and arc distributed to the smooth muscle of the 
capsule, trabeculae and blood vessels. 

Functions. — The spleen functions as a Icukopoictic organ and as a blood filter. 
This is indicated both by the direct evidence of J)Tnphocyte proliferation and the 
ingestion of erythroplastid debris by the splenic and reticulo-endothelial cells, and 
by the fact that the proportion of lymphocjies to crythroplastids in the splenic vein 
is- very much greater than m the splenic artery. After severe hemorrhage or certain 
anemias the spleen may resume its fetal erythropoietic function. Numerous small 
supernumerary spleens, of var)’ing size but usually about the size of a pea, are 
frequently found in the vicinity of the spleen. 

Besides the production of Ij'niplioc)^^ and the destruction of senile red cor- 
puscles, the norma! adult spleen has been credited also with an erythrocytopoietic 
role, and with a function concerned with the metabolism of iron. That the spleen 
does not, however, have any specific function absolutely esse ntial to life is proved 

2T Solnitzky. IM7- 
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by the fact that it may be removed without serious consequence. Obviously its 
function may be taken over by some other organs. Such compensatory role is 
usually attributed to the hemolymph nodes and the red marrow. However, splenec- 
tomy in dogs is not followed by increase in the number or size of the hemolymph 
nodes, nor by a production of accessor)’ spleens.-* Removal of the spleen in dogs 
seems to exert a stimulating effect upon the formation of red cells in bone marrow.-® 
Pearse and Pepper®® found that splenectomy caused a transformation of yellow 
into red marrow. The result is interpreted as showing that in the absence of the 
spleen the marrow may take on the function of storing and elaborating the iron 
of the blood pigment for future utilization by new red cells. The experiments of 
Austin and Pearse on the contrary lead lliem to conclude that the spleen does not 
exert a constant and important function on iron metabolism. The complete function 
of the spleen apparently remains largely unknown. Like the thymus it is sometimes 
classified among the organs of internal secretion. 

Carcroft el al.^- have demonstrated that the normal spleen is usually much 
larger than that of the dead animal (dog, cat, rabbit and monkey). In the case of 
death from liemorrhage the living spleen is from two to five times its size after 
death. Similar changes occur after CO poisoning and drowning. During exercise 
also the spleen shrinks from 6 to 15 per cent of the blood volume. The view is 
advanced that “the spleen exercises a real function in adjusting the volume of 
circulating blood, or more correctly circulating functional hemoglobin according to 
the needs of the animal.” Tliis conclusion, that the spleen functions as a blood 
reservoir, receives further support from the experiments of Schunert and 
Krzywanek.®® They have shown that while the number of red blood corpuscles 
in the dog increases from four rnlllion per cubic millimeter during rest to six 
million during exercise, no numerical change in the number of cells in the peripheral 
circulation occurs under similar conditions after splenectomy. 

Development. — The primordium of the spleen appears at the beginning of the 
second month as a condensation and swelling in the mesenchyma on the left border 
of the dorsal mesogastrium. The overlying mesothclium proliferates extensively and 
its cells invade the mesenchyma obliterating the line of demarcation. The early 
histogenesis is obscure. The mesenchyma is potentially capable of producing all 
the definitive elements of the spleen : connective tissue capsule and framework, and 
lymphocytes The mesothclium, genetically closely related to mesenchyma, probably 
aids m the general process Probably also the bulk of the later lymphocytes invade 
the spleen from without. 

THE RETICULO-ENDOTHELIAL SYSTEM 

The designation relictdo'Cndothelial system rvas proposed by Aschoff as an 
inclusive term for widely distributed collections and derivatives of reticular con- 


Meyer, 1914. 

Krumbhaar, 1914. 

Pearse and Pepper, 1914 


”Aastm and Pearse, 1914. 

Barcroft et a! , 1925. 

»» Schunert and Kraywanek, 1926 
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nective tissue cells and of blood-vasailar and lymph-vascular endothelium cooperat- 
ing in the function of intense and frequent pliagocytosis especially of senile blood 
elements, tissue debris and micro-organisms. As thus applied the term is one of 
great convenience, particularly in pathology. The rcticulo-cndothclial system in- 
cludes the KuplTcr cells of the liver, the splenic inonoc>’tcs. the macrophages (see 
page 215), and the sinusoidal and capillary endothelium of the spleen, Imne marrow, 
lymph nodes, hemal nodes, liver, hypophysis cerebri, and tlic suprarenals. It includes 


RETICULO-ENDOTHEUAL SYSTEM 
(Rcticulo-endothelial or histiocytic metabolic apparatus) 
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(migrating histiocytes) 
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also the reticular connective tissue of these same organs and tissues, and of the 
thymus and tonsils. The various types of pliagocytic cells, monocytes, macrophages, 
clasmatocyles, histiocytes, polyblasts, etc. (see page 50), have origin from these 
endothelial and reticulum cells, or from the JyTnphocyte derivatives of these parent 
cells. This system is believed to he the source of the fibrinogen of the blood. It rs 
also concerned with blood destruction, the production of bile pigment and the 
storage and metabohsm of iron, the elaboration of antibodies in defense against 
bacteria and protozoa, the removal of non-living foreign bodies, and probably m 
the metabolism of fats and proteins. 

This matter is summarized in the above diagram, designed to show genetic 
relationships, adapted from Aschoff.** 

The exact character of the lining of the intralobular capillaries of the liver, 
the venous sinuses of the spleen, the sinuses and intersinusoidal capillaries of red 
bone marrow and the lymphatic sinuses of lymph nodes, generally classified as 
important constituents of the reticulo-endothelial system, continues under discus- 
sion, The capilliform sinusoids of the suprarenal cortex and the pars distalis of 


84 Aschoff, 1913- 
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the hypophysis cerebri also belong to this general group. Are these linings true 
endothelium, functionally modified for phagoc^dosis or are they histiocytic (reticular 
cell) membranes simulating genuine endothelium? Intravitam staining with colloidal 
dyes {c.g., trj'pan blue) and injections of suspensions of carbon granules and 
certain metals reveals a functional specificity among the cells of these endothelioid 
membranes : only a certain proportion of the cells, depending somewhat upon the 
size and number of repetitions of the dose, react phagocytically. Does this func- 
tional difference signify a certain pliase of activity or a difference in origin of the 
cells of these lining membranes’ True endothclia are normally not phagocytic. 

In the case of the liver the phagocytic "cndotheliar’ cells are the so-called 
cells of Kupffer. These are histiocytes, identical with the “stellate reticular cells” 
immediately beneath the endothelium and with the cells of the hepatic .reticular 
stroma. An understanding of the relationship between the true endothelium of 
the intralobular capillaries, the associated cells of Kupffer, the subjacent stellate 
cells and the stromal reticular cells can be had from a consideration of earlier 
stages in the development of the liver. The branching biliary duct system of the 
liver, ending in the peculiar cell cords, invades the mesenchyme of the ventral 
mesentery. This process is coincident with an ingrowth and subsequent anastomosis 
of capillary branches from the vitelline and umbilical veins (later portal vein) 
and later from the hepatic artery and hepatic vein, the ultimate capillaries (capilli- 
lorm sinusoids) flanking the cell cords. The original lining of the capillaries is 
true endothelium, The mesenchyme constitutes the reticular stroma. Histiocytes 
from this stroma migrate to the wall of the secondarily expanding capillaries and 
become incorporated as cells of Kupffer. Subjacent reticular cells become the so- 
called stellate cells. These histiocytes, whether as Kupffer cells, stellate cells or 
stromal cells, are phagocytes of the reticulo-endothelial system. The cells of the 
original endothelium of the capillaries are presumably the non-phagocytic cells of 
these capillaries. 

Conditions in the lymph nodes are similar. The initial stage in the origin of a 
lymph node involves the invasion of a larger lymphatic by a tuft of capillaries; 
lymphocytes migrate from the blood stream of the capillaries into the surrounding 
mesenchyme.®® Meanwhile sprouts from the original lymphatic grow into the ac- 
cumulating mass of lymphocytes to become the initial medullary sinuses. The 
original l>'mphatic becomes the peripheral sinus; the reticular stroma arises largely 
from the perivascular connective tissue. The initial lymphatic sinuses of the node 
are lined with true endothelium. Coincident with a gradual enlargement of the 
sinuses, histiocytes migrate to the margin of the lumen to become incorporated 
^Mth the lining “endothelium.” These migrants into the wall of the sinuses con- 
stitute the phagocytic elements, namely, reticulo-endothelium. Other histiocytes 
migrate into the sinuses or persist during additions to the lumen of the sinuses 
to constitute the sparse reticulum of these areas and to contribute macrophages ' 

The venous sinuses of the spleen pass through a similar course of enlargement 
hy incorporation ot true histiocytes among the non-phagocytic vascular endothelium. 

*5 Kindred, 1940 ^ ^ — ^ 
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nective tissue cells and of blood-vascular and lymph-vascular endothelium cooperat- 
mg in the function of intense and frequent phagocytosis especially of senile blood 
elements, tissue debris and micro-organisms. As thus applied the term is one of 
great convenience, particularly in pathology. The reticulo-cndothclial system in- 
cIikIcs the KupfTcr cells of the liver, the splenic monocytes, the inacropliagcs (see 
page 215), and the sinusoidal and capillary endothelium of the spleen, bone marrow, 
lymph nodes, (icmal nodes, liver, hypophysis cerebri, and the suprarcnals. It includes 


RETICULO-ENDOTHELIAL SYSTEM 
(Reticulo-endothclial or histiocytic metabolic apparatus) 
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also the reticular connective tissue of these same organs and tissues, and of the 
thymus and tonsils. The various types of phagocytic cells, monocytes, macrophages, 
cIa»matocytcs, histiocytes, polyblasts, etc. (see page 50), have origin from these 
endothelial and reticulum cells, or from the I)'mpbocytc derivatives of these parent 
cells. This system is believed to be the source of the fibrinogen of the blood. It is 
also concerned with blood destruction, tlie production of bile pigment and the 
storage and metabolism of iron, the elaboration of antibodies in defense against 
bacteria and protozoa, the removal of non-living foreign bodies, and probably in 
the metabolism of fats and proteins. 

This matter is summarized in the above diagram, designed to show genetic 
relationships, adapted from Aschoff.** 

The esact character of the lining of the intralobular capillaries of the liver, 
the Venous sinuses of the spleen, the sinuses and intersinusoidal capillaries of red 
bone marrow and the lymphatic sinuses of lymph nodes, generally classified as 
important constituents of the reticulo-endothelial system, continues under discus- 
sion. The capilliform sinusoids of the suprarenal cortex and the pars distalis of 


s*Aschotf. 1913- 
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MUCOUS MEMBRANES AND GLANDS 


The histologic structures which are necessary for the formation of a secretion 
include an epithelial surface, and a lamina propria of connective tissue which 
supports the requisite blood and lymphatic vessels and the controlling nerve supply. 
These structures may either form smooth membranous surfaces or apparent epi- 
thelial invaginations. The former are found 
on the surface of the mucous membranes, the 
latter are the secreting glands. 

MUCOUS MEMBRANES 

The mucous membranes may be said to in- 
clude all those secreting surfaces which are 
directly or indirectly connected with the sur- 
face of the body, hence their epithelial cloth- 
ing is continuous with that of the skin. The 
mucous membranes form the lining coat of 
the respiratory and alimentary systems, to- 
gether with the ducts of their secreting 
glands; in the nose this membrane is continu- 
ous through the tear ducts with the conjunc- 
tiva of the eye and through the auditory 
feustachian) tubes with the lining membrane 
of the middle ear. The broad expanse thus 
formed is known as the gastropncwiwnic mu- 
cous membrane. A second membranous sheet, 
the gcmto-itrinary mucous membrane, lines 
the organs of the genital and urinary sys- 
tems. It thus forms the lining membrane of 



Fic 267.— A Mucous Mfmbrane 

Having Simple Tubular Glands. 

a, artery; 6-6, basement membrane; 
C. connective tissue; d, duct -of the 
gland, lined with cuboidal cells; B. epi- 
thelium of the free surface with dear 
columnar celts; G. lumen of the fundus 
of the gland, lined with granular, serous 
secreting, columnar cells surrounded by 
secretory capillaries ; V, veins. The ar- 
teries are striped, the capillaries and 
veins, black. Nerves are not repre- 
sented. 


the vagina, uterus, and uterine tubes; of the 
urethra, Madder, ureters and pelvis of the kidneys; of the ducts and tubules of the 
prostate gland, the testes, and the smaller secreting glands which are connected with 
the genital system. 

tvne^ TT" “ superficial layer of epithelium of varying 

type, winch rests upon a basement membrane (membrana propria) and is in turn 
supported hy an Investment of connective tissue, the fa.nL " 44 or “rlum. 
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And there arc indications that in the red bone marrow, the lining of the hemogcnic 
and hemopliagic venous sinuses contains contributions of liistiocytcs. 

Under the term hcmohistioblasts (Ferrata, 1914) arc- classified specific deriva- 
tives of the reticulo-cndothclial system of hemopoietic tissues whose function is 
that of blood-cell formation, both red and white. The intermediate stage may again 
be a lymphocyte-Hke cell, the hanocytoblast. Depending upon the specific type 
of stimulus, liicsc lymphocyte derivatives of endothelium or reticular connective 
tissue may clifferentiatc either into jAagocytes or into red or white Wood cells. 
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MoRpnoLocic Types 

1 Simple 
Convoluted 
Branched 
Compound 

Compound tubulo-acinose (alveolar) ; racemose 
rSimple 
Branched 
[Compound 


II. Saccular 
(alveolar) 


III. Ductless glands; endocrine glands 



T, simple tubular (intestinal glands) ; Ts, slightly coiled tubular (intestinal glands and small 
sweat glands) ; Tss, more extensively coiled tubular (larger sweat glands) ; Tr, branched 
tubular (gastric glands) , Tc, compound tubular (kidney, lacrimal glands) ; As, simple alveolar 
or saccular (small sebaceous glands) , Ar, branched alveolar (larger sebaceous glands, tarsal 
glands of eycHd) , Ac, (A) compound tubulo-alveolar or racemose (salivary glands) ; Ac, (B) 
compound saccular (mammary gland) In major part after Prenant, Bourn and Maillard. 


Glands of the tubular and saccular types contain an actively secreting portion 
or fundus and a duct. Such externally secreting' glands are also known as 
“exocrine” glarlds. In the ductless (“endocrine”) glands the duct is absent. The 
duct, though its epithelium may take some part in the formation of the glandular 
secretion, primarily serves to convey the secretion of the fundus to the free 
surface of the mucous membrane. 

The epithelium of the duct, as a rule, more or less closely resembles that of 
the mucous membrane upon whose surface it opens. The epithelium of the fundus 
on the other hand, usually differs from that of the duct and varies according to 
the nature of its secretion. In many of the glands the epithelium is typically 
mucus secreting; others produce a clearer, watery, and less viscid serous secre- 
tion. Hence it is possible to distinguish the following: 


Physiologic Types 

I. Serous glands 

II. Mucous glands 

III. Glands which are both mucous and serous (mixed glands) 

IV. Glands which are neither mucous nor serous 
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The hiiuina i)ropria is richly .suj>plic<l with small Wood vessels and lymphatics ; 
its nerve fibrils arc not only distrihutccl to the walls of the lilood vessels but in 
many eases semi terminal filaments which enter the epithelial layer and terminate 
in contact with the sccrctinjj cells. The niucons mentbrancs arc mostly contained 
within hollow organs which arc subject to alternate collapse and distention; hence 
the membranes arc frequently much folded. The dccjwr })ortion of a mucous mem- 
brane usually contains a more or less well-defined layer of smooth muscle fibers, 
the lamina mtiscHlaris mucosae. 

The mucous memhrancs. as their name indicates, arc nearly all moistened 
hy a mucus-containing secretion. The relative amount of mucus which its secre- 
tion contains, and consequently the viscidity of the secretion, liears .1 close phjsio- 
logic relation to the intensity of the mechanical Irritation to which the membrane 
is subjected. Thus the mucus-secreting goblet cells of the gastropncumonic mem- 
brane are licrc ami there reinforced by numerous mucus-sccrcting glands of con- 
siderable sire. These arc especially abundant in the oral cavity, pharynx, and 
esophagus, and in the nose, trachc.i, and bronchi. In the urinary system even the 
goblet cells are absent. 

The basement membranes, upon wliicb tlic epithelium of the mucous mem- 
hranes and the secreting glands Is sup|)ortcd, arc connective tissue structures. 
They are sometimes formed hy interlacing bundles of delicate collagenous fibers 
inlenningled 'with numerous clastic fibers. Frequently, liowcvcr, they consist of 
reticular tissue. Basement membranes of this nature have l>ccn demonstrated by 
Mall and his pupils in the mucous membranes and glandular tubules of the 
stomach, intestine, liver, salivary glands, kidneys, tc.stes and thyroid. Certain 
basement membranes are homogeneous in structure and present a more or less 
hyaline appearance, e.ff., kidney. 


GLANDS 

The secreting glands may be quite properly considered as invaginations of 
the epithelial surfaces of the mucous membranes They appear as such in the 
embryo. Their earliest primordium is formed by a solid or funnel-shaped process 
of epithelium, in which a distinct lumen soon appears, and which grows into the 
surrounding mesoderm, carrying with it its embryonal tunica propria. 

Classification 

The form of the glandular invaginations is subject to great variation. They 
may be straight and simple, more or less branched and compound, convoluted 
or coiled, or the tubules may terminate in minute ampullary enlargements, the 
acini or alveoli. The invaginations may also be distinctly tubular and of approxi- 
mately equal diameter throughout, or they may form pouch-like saccules. Accord- 
ing to the form of the organ, it is thus possible to distinguish the following mor- 
phologic types: 
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with the varying character of their secretions, yet they present certain general 
characteristics. These cells arc unquestionably capable of alternate phases of 
secretory activity and comparative rest. At the end of a period of activity they 
appear shrunken and small, and the lumen of their tubule is consequently in- 
creased in size. Their nucleus is centrally located, and their cj’toplasm is relatively 
devoid of secretion and frequently presents a faintly rodded or striated appearance. 

During rest secretion accumulates within the cell, and the cytoplasm conse- 
quently becomes either clearer or more granular, according as the nature of the 
secretion is watery, or is granular and zymotic in character; thus the secreting 
cells of the sweat glands become clearer as their secretion accumulates, whereas 
those of the pancreas become more granular. 

As a rule the presecretion accumulates at the central end of the cell, the 
nucleus is thus crowded toward the basement membrane and is surrounded by 


A 



Fic. 2C9 — ^Transection of Three Secreting Tubules of the Submaxillarv Gland of Man. 

A, a serous tubule ; B, a mucous tubule ; C, a mucous tubule with a demilune, d, Hematein 
and eosin XC65. 

the least altered cytoplasm. The whole cell becomes swollen and distended by 
the accumulated secretion and the tubular lumen is consequently diminished in 
size or even occluded. 

Finally the period of secretory activity arrives, and the secretion is poured 
into the glandular lumen; the cells become shrunken and the lumen of the tubule 
correspondingly dilated. The C)'toplasm returns to its former condition; if the 
secretion is of a granular character the cell becomes dearer, but if watery the 
cytoplasm acquires a finely granular appearance. The nucleus resumes its former 
central location and the cell enters upon a second period of constructive and 
accumulative activity. 

Many of the serous-secreting cells contain minute intracellular canals which 
connect with a network of intercellular passages about the cell. The intercellular 
canaliculi may, on the one hand, open into the glandular lumen, or they may 
communicate with the tissue spaces of the lamina propria. This system oi intra- 
cellular and intercellular canaliculi may thus serve either as a system of nutrient 
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This physiologic classification is not in any way the equivalent of the histologic 
gland types mentioned ahove. Thus lioth serous and mucous glands, in different 
locations, form almost every variety of ttilmlar gland. 

Description of Physiologic Types.— G/mirfj of ihc fourth Ty/’c.— The glands 
of the fourth tyjie are too varied tn their structure to be considered collectively 
to advantage. The reader is referred to the several chapters in which they arc 
described in detail. This type incitidcs the testes, the prostate, the ceruminous 
glands, the scb.accous glands, many of tbc ductless glands, and also some authors 
describe the ovary and the lungs as conforming to the glandular ty|)e of structure. 

Mired C/andx.— The mi.xed glands incUidc some tuhnlcs which arc character- 
istically mucous, while others arc typical serous secreting. Occasionally both tj'pes 
of secreting cells arc contained within the same tubule. 

Mucus-sccrcling Cells. — Muens-sccrcttng cells possess the general cliaracter- 
istics which have been jircviously recited under the head of golilct cells (Qupter 
II). When void of secretion tlic cytophsm of mucous cells is granular, their 
nucleus centrally situated, and their shape more or less columnar. The presecre- 
tion accumulates in the central |x>rlion of the cell and occni)ics an area, adjacent 
to the glandular lumen, which steadily increases in sire until the greater part 
of the cytoplasm has l>ccn replaced; the nucleus is pushed to the proximal or 
attached end of the cell; and the whole cell often becomes swollen and distended 
to more than double its original size. Finally the cell membrane ruptures and 
the mucus pours out uiwn the free surface of the membrane. 

At the base of the nnicns-sccrcting cells, and between them and their base- 
ment membrane, are groups of epithelial cells having a finely granular cyloplasm, 
which form crescentic cell masses, the dcntiluues of Hcidcnhain (crescents of 
Gianuzzi). In the tubules of some glands these demilunes are extremely minute, 
m others they occupy a considerable |K>rtion of the epithelial coat and encroach 
upon the glandular lumen. Theit significance is not definitely understood. They 
have been considered as representing either secreting cells which are in a state 
of rest following the discharge of their secretion, or as primordial cells which 
by reproduction give origin to true mucus-secreting cells. It is quite possible that 
both of these functions are assumed by llie several cells which compose the demi- 
lunes. Many of these cells contain an independent, intracellular, secretory, canal- 
icular system, which indicates a specific and independent functional role. 

Mucus, the product of the mucus-secreting cells, possesses peculiar properties. 

In the fresh condition it has a clear, glairy appearance and a pearly white color. 
Acted upon by alcohol or acids it gives a heavy precipitate of stringy white 
flocculi. Within the tissues these delicate flocculi stain slightly with basic dyes 
and readily with the muchematein and mucicarmine of Mayer. The very clear 
glairy appearance of the fluid and the slightly basophil properties of the precipi- 
tated flocculi are so characteristic that when typical mucus-containing cells are 
once carefully observed they can be thereafter readily distinguished from other 
types of epithelium. 

Serous-secreting Cells. — Serous-secreting cells differ ’ greatly in appearance 
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The typical coil glands consist of a duct whose epithelium resembles an attenu- 
ated layer of the stratified squamous cpilhelivrm upon which they open, and a 
fundus or secreting portion which is lined by columnar epithelium of the glandular 
type. They also possess a connective tissue basement membrane and a vascular 
lamina propria. 

Branched Tubular Glands. — Branched tubular glands include the cardiac and 
pyloric glands of the stomach and the glands of the uterine mucous membrane. 
These glands possess a duct whose epithelium corresponds in type with that of 
the surface upon w’hich they open. Several secreting tubules open into this duct 
by means of a short constricted portion, the neck. The fundus or secreting portion, 
after a typically spiral course, ends with a blind ex- 
tremity which is often curved or hooked. This portion 
of the gland is clothed with columnar or glandular 
epithelium and invested with a thin basement membrane 
and lamina propria. 

Compound Tubular Glands. — Compound tubular 
glands include the kidneys, testes, lacrimal glands and 
the liver. The finer structure of the glands of this type 
is so peculiar that the reader must be referred to the 
several chapters in which they are more fully described 
Compound Tubulo-alveolar Glands (Tubulo- 
acinose or Racemose Glands), — ^This is the most nddcly 
distributed of all the types of secreting glands. It in- 
cludes the parotid, the submaxiUary, the larger mucous 
and serous glands of the oral cavity, and of the nose, 
pharynx, trachea, bronchi and esophagus, the duodenal 
(Brunner’s) glands, the pancreas, bulbo-urethra! fCow- 
per’s) glands, urethral (Littre’s) glands, and the large 
mucous glands of the cervix uteri. 

The form of these glands may be likened to a much 
branched tree, \s'hose stem as the main excretory duct opens upon the free surface 
of a mucous membrane, and the branches and twigs as the larger and smaller inter- 
lobular ducts reach out in all directions to end finally in minute alveolar dilatations 
the secreting acini 

Except for the ducts of certain mucous glands whose epithelial coat resembles 
that of the mucous membrane to which they are attached, the ducts of this type 
of secreting gland are lined by columnar cells whose cytoplasm frequently t^e- 
sents a rodded appearance at the deeper end of the cell. The acini contain ti’pical 
serous or mucous, secreting epithelium. Occasionally the secreting cells are^J 
found for some distance beyond the acinus in the lining membrane of the ^ 
est ducts. small- 
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The tubules and acini of these glands are invested with a t. 

and a delicate lamina propria. The adni are united by the connectiv f 
small groups which inclose a central duct of the smallest type, the 
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channels or as a network of secretory capillaries by wliicli the secretion is con- 
veyed from the interior of the secreting cells to the Ittnien of the gland or even 
to tlie duct system. Secretory canaliailf of this nature have been demonstrated 
in the cells of the liver, the jwrictal cells of the glands of the stomach, the cells 
of the salivary glands, lancrcas, adrenals, and epididymides. Nutrient canaliculi, 
in the form of so-called "trophospongium,'* ocettr in the cells of bladder epithe- 
lium and arc highly developed in the nerve cells. 

Glands may be classified also according to the method by which they elaborate 
their secretion: holocriuc glands; «trrorri«c glands. This tcrminolog)' was pro- 
posed by Ranvicr in i88<j, and retains a certain value and convenience. Holocrine 
glands arc such as sufTcr a destruction of their constituent cells in the process 
of forming the secretion. The scliaccous glands of the skin and scalp are notable 
examples. Here the secretion, the sebum, is elaborated by fatty metamorphosis, 
destruction and discharge of the gland cells. Mcrocrine glands are sucli as main- 
tain the integrity of their cells during the secretion process, and retain the 
capacity for rcpeatctl function; e.g., sweat glands. Glands in which the distal 
portion of the cells of the secreting cpifbelium becomes detached or partially 
disintegrated in the process of secretion, as in the mammary glands, may be 
designated apoerhie glands. 

DfiSCRirTto.v OF MoRrttOLOGJc Types 

Simple Tubular Glands— Simple tubular glands occur in the mucous mem- 
brane of the small and large intestine as the crypts of Lieberkuhn or intestinal 
glands. In shape these glands resemble a test tube. They form straight tubules 
which open on the free surface of the membrane, are of approximately equal 
caliber throughout, and at their deeper end terminate in a liHnd extremity. The 
tubules are lined with epithelium and arc embedded in a thin vascular lamina 
propria. Their epithelium includes the usual columnar and goblet cell t>T)es, the 
latter being more abundant near the mouth of the gland. Near the blind extremity 
are certain granular cells, the granules of some of which are slightly basophilic; 
other cells possess coarse granules which are highly acidophil, as demonstrated 
by Kultschitsky * in the intestinal glands of the dog, an obseiwation which is easily 
corroborated for the simple tubular glands in the small intestine of man. 

Convoluted Tubular Glands, — Qmvoluted tubular glands occur as the sweat 
glands of the skin, the ceruminous glands of the ear, and the glands of Moll in the 
eyelids. The above are typical simple coiled glands. Certain other glands, which 
are less typically coiled but are more or less convoluted near their blind extremi- 
ties and are frequently branched, are also to be included under this type. Such 
glands are the pyloric glands of the stomach, and the small mucous glands of the 
oral and nasal cavities, pharynx, larynx, trachea, bronchi and esophagus. Some 
of these glands, and especially those of the pyloric end of the stomach, present 
terminal acinar dilatations, hence they also resemble to some extent a small 
tubulo-acino se type of gland. 

1 Kultschitsky, 1897. 
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The typical coil glands consist of a duct whose epithelium resembles an attenu- 
ated layer of the stratified squamous epithelium upon which they open, and a 
fundus or secreting portion which is lined by columnar cpitheliuni of the glandular 
t^’pe. They also possess a connective tissue basement membrane and a vascular 
lamina propria. 

Branched Tubular Glands. — Branched tubular glands include the cardiac and 
pyloric glands of the stomach and the glands of the uterine mucous membrane. 
These glands possess a duct whose cpitliclium corresponds in type with that of 
the surface upon which they open. Several secreting tubules open into this duct 
by means of a short constricted portion, the neck. Tlie fundus or secreting portion, 
after a typically spiral course, ends with a blind ex- 
tremity which is often curved or hookc<l. This (>ortion 
of the gland is clothed with columnar or glandular 
epithelium and invested Nvilh a thin basement jnentbrane 
and lamina propria. 

Compound Tubular Glands. — Compound tubular 
glands include the kidneys, testes, lacrimal glands and 
the liver. The finer structure of the glands of this type 
is so peculiar that the reader must be referred to the 
several chapters in which they are more fully dcscrilied. 

Compound Tubulo-alveolar Glands (Tubnlo- 
acinose or Racemose Glands). — This is the most widely 
distributed o! all the types of secreting glands. It in- 
cludes the parotid, the submaxillar)', the larger mucous 
and serous glands of the oral cavity, and of the nose, 
phaiynx, trachea, bronchi and esophagus, the duodenal 
(Brunner’s) glands, the pancreas, bulbo-urethml (Cow- 
per’s) glands, urethral (Littre's) glands, and the large 
mucous glands of the cervix uteri 

The form of these glands may Ik: Iikcnc<l to a much 
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branched tree, whose stem as the main excretory duct opens upon the free surface 
of a mucous membrane, and the brandies and twigs as the larger and smaller inter- 
lobular ducts reach out in all directions to end finally in minute alveolar dilatations 
the secreting acini. 

Except for the ducts of certain mucous glands whose epithelial coat resembles 
that of the mucous membrane to which they arc attached, the ducts of tliis tvne 
of secreting gland are lined by columnar cells whose cytoplasm frequently pre- 
sents a rodded appearance at the deeper end of the cell. The acini contain typical 
serous or mucous, secreting epithelium. Occasionally the secreting cells are also 
found for some distance beyond the admis in the lining membrane of the small- 
est ducts. 

The tubules and acini of these glands arc invested with a basement membrane 
ana a del, cate lanuna propna. The adni are united by tl,e connective tissue into 
small groups winch inclose a central duct of the smallest type, the mtenahry (or 
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channels or as a network of sccrctor>' capillancs by which the secretion is con- 
veyed from the interior of the secreting cells to the lumen of the gland or even 
to the duct system. Secretory canalicnii of this nature have been demonstrated 
in the cells of the liver, the jwrictal cells of the glands of the stomach, the cells 
of the salivary g1an{ls, pancreas, adrenals, anti epididymides. Nutrient canaliculi, 
in the form of so-called "trophosponglum,” occur in the cells of bladder epithe- 
lium and are highly developed in the nerve celts. 

Glands may be classifietl also according to the method h^’ which they elaborate 
their secretion: holocrine glands; merocrine glands. This terminology was pro- 
posed by Ranvier in 1886 , and retains a certain value and convenience. Ifolocrine 
glands are such as suffer a destrnciion of their constituent cells in the process 
of forming the secretion. The sehaceous glands of the skin and scalp are notable 
examples. Here the secretion, the sebum, is c!aboratc<l by fatty metamorphosis, 
destruction and discharge of the gland cells. Merocrine glands arc such as main- 
tain the integrity of their cells during the secretion process, and retain the 
capacity for repeated function; e.g., sivcat glands. Glands in which the distal 
portion of the cells of the secreting epithelium becomes detached or partially 
disintegrated in the process of secretion, as in the mammary glands, may be 
designated apocrine glands. 

Descriptiok of Morphologic Tvpes 

Simple Tubular Olands. — Simple tubular glands occur in the mucous mem- 
brane of the small and large intestine as the crypts of Lieberkuhn or intestinal 
glands. In shape these glands resemble a test tube. They form straight tubules 
which open on the free surface of the membrane, are of approximately equal 
caliber throughout, and at their deeper end terminate in a blind extremity. Tlie 
tubules are lined with epithelium and are embedded in a thin vascular lamina 
propria. Their epithelium includes the usual columnar and goblet cell t}’pes, the 
latter being more abundant near the mouth of the gland. Near the blind extremity 
are certain granular cells, the granules of some of which are slightly basophilic; 
other cells possess coarse granules which are highly acidopliil, as demonstrated 
by Kuitschitsky * in the intestinal glands of (he dog, an observation which is easily 
corroborated for the simple tubular glands in the small intestine of man. 

Convoluted Tubular Glands. — Convoluted tubular glands occur as the sweat 
glands of the skin, the ceruminous glands of the ear, and the glands of Moll in the 
eyelids. The above are typical simple coiled glands. Certain other glands, which 
are less typically coiled but are more or less convoluted near their blind extremi- 
ties and are frequently branched, are also to be included under this type. Such 
glands are the pyloric glands of the stomach, and the small mucous glands of the 
oral and nasal cavities, phaiynx, larynx, trachea, bronchi and esophagus. Some 
of these glands, and especially those of the py'Ioric end of the stomach, present 
terminal acinar dilatations, hence they* also resemble to some extent a small 
tubulo-acinose type of gland. — 


1 Kuitschitsky, 1897. 



GIJ*iNDS 


“55 


The typical coil glands consist of a duct whose epithelium resembles an attenu- 
ated layer of the stratified squamous epithelium upon which they open, and a 
fundus or secreting portion which is lined by columnar epithelium of the glandular 
t}'pe. They also possess a connective tissue basement membrane and a vascular 
lamina propria. 

Branched Tubular Glands. — Branched tubular glands include the cardiac and 
pyloric glands of the stomach and the glands of the uterine mucous membrane. 
These glands possess a duct whose epithelium corresponds in type with that of 
the surface upon which they open. Several secreting tubules open into this duct 
by means of a short constricted portion, the neck. The fundus or secreting portion, 


after a typically spiral course, ends with a blind ex- 
tremity which is often curved or hooked. This portion 
of the gland is clothed with columnar or glandular 
epithelium and invested with a thin basement membrane 
and lamina propria. 

Compound Tubular Glands. — Compound tubular 
glands include the kidneys, testes, lacnmal glands and 
the liver. The finer structure of the glands of this type 
is so peculiar that the reader must be referred to the 
several chapters in which they are more fully described. 

Compound Tubulo-alveolar Glands (Tubulo- 
acinose or Racemose Glands). — This is the most \WdeIy 
distributed of all the tj-pes of secreting glands. It in- 
cludes the parotid, the subma.xillarj', the larger mucous 
and serous glands of the oral ca\'ity, and of the nose, 
phaiynx, trachea, bronchi and esophagus, the duodenal 
(Brunner’s) glands, the pancreas, bulbo-urethral (Cow- 
per’s) glands, urethral (Littre's) glands, and the large 
mucous glands of the cervix uteri. 

The form of these glands may be likened to a much 
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branched tree, whose stem as the main excretory duct opens upon the free surface 


of a mucous membrane, and the branches and twigs as the larger and smaller inter- 
lobular ducts reach out in all directions to end finally in minute alveolar dilatations 
the secreting acini. 


Except for the ducts of certain mucous glands whose epithelial coat resembles 
that of the mucous membrane to which they arc attached, the ducts of this tj-pe 
of secreting gland are lined by columnar cells whose cjtoplasm frequently pre- 
sents a rodded appearance at the deeper end of the cell. The acini contain tvpical 
serous or mucous, secreting epithelium. Occasionally the secreting cells are' also 
found for some distance beyond the acinus in the lining membrane of the small- 
est ducts. 


The tubules and acm of these glands are invested with a basement membrane 
ana a debcate lamina propria. The acini are united by the connective tissue into 
small groups which inclose a central duct of the smallest tj-pe. the intercalary (or 
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mtmiirdiatc) duel. These acinose groups arc agarn unites] into ihc lobules of the 
gland hy fine hnntls of connective tissue, and hrnaticr bands of loose coijnective 
tissue ccjnent the many lobules into one gbimJular mass. The intercalary ducts by 
onion within the lobule form numerous small iittralohuhr duels which approach the 
periphery of the lohiilc and nl its maigin open into the hdeHchuJar ducts; the latter 
arc found in the broader septa of connective tissue between the lobules. The 
interlobular ducts by union with one another result 
in progressively larger limnchcs which finally form 
the main excretory duet of the ^lantL 

Simple Saccular Glands. — Simple saccular glands 
occur as the smallest sclxiceous glands of the skin. 
These are small glarnhslar pouches with a sliort duct, 
a constricted neck, and a dilated fundus which in- 
stead of having a single coat of epithelium as in most 
of the tubular glands, is more or less completely 
filled with a mass of epithelial cells. The cells as they 
approach the duct of the gland show progressive 
stages of degeneration and disintegration which cub 
minalc in tlie fonn.aiion of a thick, vifeetd, fatty 
secretion. Since these cells form their secretion by 
disintegration they arc obviously capable of passing 
through the various stages of secretory activity but 
once, and hence they must be renewed by the re- 
peated mitotic eel! division which occurs at the 
peripher}' of the saccule. Such glands are of the 
holocrine type. 

The epithelium of tiie secreting saccule rests upon 
a distinct liasenicnt membrane and is invested with 
a very vascular lamina propria. 

Brauebed Saccular Glands. — Branched saccular glands inchidc the larger of 
the sebaceous glands of the skin, in which several saccules pour their secretion 
info a common duct, and the tarsal (meibomian) glands of the eyelids in which 
a considerable number of saccules open into an axial canal by which the secre- 
tion is conveyed to the tcrmircil duct. The structure of each glandular saccule 
of this type is identical with that of a simple saccular gland. 

Compound Saccular Glands. — This type includes only the mammary gland. 
It consists of a system of tubular ducts which possess ampullar}' dilatations and 
many branches. Its ducts terminate in small siccular alveoli which have a tbui 
epithelial lining. During the period of their inactivity the lining epithelial cells 
are much flattened and the acini appear shrunken. The epithelium of the lactatmg 
gland, on the other hand, is cuboidal or columnar, the height being more or less 
dependent upon the accumulation of secretion ^vithin the cell. 

The secretion is formed in the same manner as in the tubular glands with an 
additional pr<xess of fatty infiltration hy which fat droplets are formed within 
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the cytoplasm. These droplets collect in the central portion of the cell and are 
finally discharged into the lumen of the acinus with apparent rupture of the cell 
membrane and the escape of a portion of its superficial cytoplasm. The epithelium 
is thus capable of repeated secretion. 

The mammary glands may be considered as offering an intermediate type be- 
tween the branched saccular and the tubulo-acinose types. They may be classified 


as apocrine glands. 

Ductless Glands (Endocrine Glands). — Under the head of glands it is neces- 
sar>' to consider certain structures which apparently contain secreting epithelium 


and which present a more or less distinct tubular 
arrangement. These bodies are the adrenals, thyroid, 
parathyroids, carotid glands, coccjgeal gland, para- 
ganglia, hypophyses cerebri, and epiphysis cerebri 
(pineal gland) These are also known as organs of 
internal secretion, or endocrine glands 

While these glands do not possess an excretory 
duct, nevertheless some of them certainly, and the 
others probably, form certain products which find their 
way into the blood or lymph as so-called “internal 
secretions” or honnoncs (autacouls). The epithelium 
of the glands may form either alveoli, tubules or 
solid cell columns, which are supported by very deli- 
cate connective tissue tunics. Many blood vessels, 
often of the thin-walled sinusoidal type, arc found 
within these tunics and are thus brought into inti- 
mate relation with the epithelial parenchyma. In some 
instances lymphatics are distributed in a similar man- 
ner within the gland. 
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The property of internal secretion is not peculiar 
to the ductless glands It has long been ascribed to 
the liver cells in connection with their influence upon 
nitrogenous and carbohydrate metabolism, and. in 
fact, many secreting glands, even though not of vital 


Intercalary Ducts and 
Acini. 

The terminal divisions of a 
large compound tubulo-acinose 
gland. The model was made 
from serial sections of the hu- 


importance, are nevertheless found to influence the 
economy in certain ways which cannot be accounted 


man pancreas. X344. (Mazi- 
arski.) 


for by the properties of their external secretions. 


Finally, it must be emphatically stated that the types of secreting glands, as 
above described, are not bound by hard and fast lines, but many forms will be 
found which might well be placed under either of two or more types. Hence 
any classification of secreting glands hecomes more or less arbitrary; neverthe- 
less such a classification is of extreme importance as serving to establish in the 
mind of the student certain typical pictures with which individual glands mav 
be compared, and important structural details will thus be noticed which mighl 
otherwise escape observation. ^ 
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THE SKIN 


The skin, or integument, consists of an outermost ectodermal layer of stratified 
squamous epithelium, the cfiiderutis (cuticle), and a subjacent mesodermal layer 
of dense connective tissue, the corium or derma (derma vera, cutis vera), homolo- 
gous with the lamina propria of the mucous membranes. The corium contains the 
nerv’es and the nerve end organs of special sense, and rests upon a subcutaneous 
layer of areolar and adipose connective tissue which, blending with fascia or 
periosteum, unites the skin to the underlying muscles and bones. 

The skin serves a composite function: protection, regulation of body tempera- 
ture, tactile sensation, and excretion. Its excretory role is accessory to the function 
of the kidney. 

The skin is typically a stratihed organ, and for convenience of description may 
be divided into the following layers: 


Skin 


1. Scaly layer 

2. Flattened cell layer 

3. Eleidin-containing layer; stratum 
lucidum 

4. Granular layer; stratum granulosum* 

5. Prickle cell layer 

,6 Cylindrical cell layer j 

I. Papillary layer 
^ 2. Reticular layer 
'III. Subcutaneous tissue 


I. Epidermis 


II, Derma 


Homy layer; 
stratum comeum 

Germinal, mal- 
pighian or mucous 
layer 


THE EPIDERMIS 

The epidermis (cuticle) or scarf skin serves for the protection of the more 
sensitive corium or “true skin." It is formed by a dense layer of stratified epithelium 
and varies in thickness in different portions of the body, being thickest upon those 
surfaces which are exposed to the greatest mechanical violence, e.g., the palms 
of the hands and soles of the feet; and thinnest in' the least exposed portions, 
e.g., inner sides of the arms and the back. 

The layer of stratified squamous epithelium composing the epidermis differs 
from that of the mucous membranes in that its superficial cells contain an abundance 
of keratin, a peculiar horny material. The production of keratin in the cells of 
stratified epithelium appears to be more or less dependent upon the desiccation 
which occurs in those cells which form the comparatively dry cutaneous surface. 
The cornification can scarcely be demonstrated in the stratified squamous epithelium 
of the moistened mucous membrane of the mouth and esophagus; it is present 
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'the epidermis 

though not pronounced in the partially moistened margins of the eyelids, lips, 
labia minora and glans penis. In the epidermis, however, comification is pronounced 
and characteristic in all portions of the body. 

The thickness of the cornified layers appears to be in proportion to, if not 
entirely dependent upon, the amount of mechanical violence to which the cutaneous 
surface is subjected. Accordingly, the increased thideness of the epidermis covering 



the palms and soles is found to be due almost entirely to an increase in the super- 
ficial horny portion of the epidermis, the germinal layers being no more pronounced 
than in other portions of the body. 

The epidermal tissue is divisible into a superficial horny portion consisting of 

flattened, desiccated, cornified cells — the stratum corneum or horny layer ^and a 

deeper protoplasmic, so-called “mucous” portion, which consists of polyhedral and 
cylindrical cells — stratum germinativum, stratum mucosum, rete mucosum, or rete 
malpighii. 

Cylindrical Cell Layer (Stratum Oylindricum).— The deepest cells of the 
stratum mucosum are elongated in a direction nearly perpendicular to the basement 
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THE SKIN 


membrane upon which they rest; they arc thus irregularly cylindrical in sliape. It 
is these cells which in the pigmented portions oi the Iwdy, i.e., areolae of the 
nipples, scrotum, and circumanal region, and in the skin of brunettes and the 
colored races contain the pigment which gives rise to the darkened color of the skin. 

In the skin of the Negro, the pigment (melanic) granules, white most abundant 
in the basal cylindrical cells, arc nevertheless present, but in progressively smaller 
numbers, in all of t\ic outer cell layers. In the various shades of mulatto skin, there 
is a close correspondence between the degree of color and the number of pigmented 
layers of epidermal cells. Certain connective tissue cells of the corium of pigmented 
skins also contain abundant luelanm granules; in the darker skins such cells ate 
numerous. However, the dermal pigment cells are not correctly regarded as the 
sources of supply of mclauic granules for the epulcnnal ccll.s, as has been main- 
tained. The btter can produce their own granules; both dermal and epidermal 



Fig 274 — Section or Tins Skin from Abdomen or Negro, Showing the DisTRiBurrow 
OP the Pigment Granules in Debmai. and Epidermal Cells. X750. 

pigment cells owe their condition to the same underlying cause.* The pigment 
granules are said to arise as a differentially staining nuclear substance (pyrenoid 
substance) which passes through the nuclear membrane into the cytoplasm, where 
it gradually acquires the character of pigment granules.* The nuclear origin of the 
prepigment granules is not confirmed. The more recent investigations indicate that 
the physiology of melanic pigment formation involves the interaction of a nuclear 
oxidase (tyrosinase) with an extranuclear, probably cytoplasmic, chromogen 
(t> rosin). 

The processes of mitotic cell division ate very active in these columnar cells, 
and they, with the adjacent portion of the prickle cell layer, form the sfration 
germinativum of Flemming, in which the regeneration of the epidermis occurs. 


1 Jordan, i^rl. 

2 Mcirowsky, 1908 
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The cylindrical cells are 6nnly united to the basement merubrane by delicate 
cytoplasmic fibrils, the intercellular bridges. Their nuclei are ovoid in shape, and 
vesicular in appearance. 

Prickle Cell Layer (Stratum Spinosnm). — Superficial to the cylindrical cells 
is a stratum of polyhedral epithelium which extends inward between the adjacent 
papillae of the corium {interpapiUary region of the epidermis), and as therefore 
thick in these portions, but is relatively much thinner over the apices of the dermal 
papillae {suprapapillary portion of the epidermis). 

The polyhedral cells of this la^er contain a soft granular cytoplasm and a 
vesicular, spheroidal nucleus. They are separated from one another by narrow 
intercellular spaces which are bridged across by innumerable delicate c\toplasmic 
fibrils. These fibrils connect adjacent cells and are frequently continued without 
interruption through one, two, or 
e\en three or four neighboring 
cells. Their course is characteristi- 
cally curved, the convexity being 
directed toward tlie nucleus. Those 
portions of the numerous cytoplas- 
mic fibrillae which span the inter- 
cellular spaces form the so-called 
intercellular bridges. It is because 
of the resulting spinous appearance 
that the polyhedral cells have been 
termed prickle cells (Schultze). 

In the thinner portion of the 
epidermis the prickle cells are im- 
mediately covered by several layers 
of bard flattened cells whose nuclei 
have partially or wholly disappeared, and whose cytoplasm has been changed into 
a horny, keratin-containing mass. The flattening and desiccation of these cells 
becomes more pronounced as they approach the surface. In the thin portions of the 
epidermis the change from the prickle cell layer to the horny layer is abrupt. 

In the thicker portions of the epidermis, as in the palms of the hands, the 
change is more gradual, and results in the appearance of two additional cell layers, 
in the cytoplasm of whose cells are intermediate products of chemical metamorpho- 
sis, keratohjalin and eleidin. These may be considered as the precursors of the 
keratin or parclcidin which is peculiar to the cells of the homy portion. 

Granular Layer (Stratum Granulosum).— In the thicker parts of the cuticle 
the most superficial prickle cells become slightly flattened, and coarse granules 
appear within their cytoplasm. These cells form the granular layer {stratum gran- 
iilosimi), a double cell layer which occupies the superficial portion of the rete 
mucosum. 

The cells ot the granular layer are flattened and angular. They possess an 
.ndistinct, apparently degenerating nucleus, and their cytoplasm contains large 
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OF Light Brown Muu\tto. X730. 



ptatc-likc granules of kcralohyalin (eleidin of Ranvicr), which arc strongly basophil 
anri stain readily with most nuclear dyes. 

Eleidm-containing Layer (Stratum Lucidnm),— The granule cells are abruptly 
transfonned into the shiny ceils of the slraliim lucidilni, which is the deepest layer 
o! the horny portion of the epidermis. Tlic cclis of this l.iyer possess andndistinct 
nucleus, are irregularly flattened and angular in shape, arc more or less fused 




Fw 276. — Vertical Sectios of Th^k Hin-tAH Skin, Exclusive of Stxatum Cobneum. 

Note intercellular bridges among the several layers of cells. The columnar cells of the bml 
layer end in coarse processes (“dcntjculaiions,” "striations”) on the basement membrane. The 
processes contain coarse tonofibrils. X 120a Iron hematoxylin stain 


together at their adjacent margins, and contain a smooth, highly refractive, glassy 
cytoplasm which reacts feebly to most staining reagents, but is deeply colored by 
safranin. 

The stratum lucidum is so named because of its highly refractive appearance; 
it is usuallj' about two cells thick Its cytoplasm contains eleldhi, a substance ^vhich 
is probably intermediate in chemical composition between the keratohyalin of the 
stratum granulosum and the keratoid pareleidin of the horny cells. 
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Flattened Cell Layer and Scaly Layer (Stratum Comeum and Stratum Dis- 
junctum of Ranvier). — Above the stratum lucidum the horny layer consists of 
flattened cornified cells which are closely packed and somewhat fused and blended 
with each other at their faintly serrated margins. Intercellular bridges and spaces 
have almost entirely disappeared. The nuclei of the cells are no longer demon- 
strable, and their cytoplasm has been changed into a dry, shiny, highly refractive 
mass of keratin (parcleidin) which responds but slightly to ordinary stains. Its 
superficial layers stain deeply in osmic acid, indicating a considerable fatty altera- 
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Fig 277 — Skin from Palsi of Human Hand (Hardesty.) 

tion. If, however, these cells are acted upon by solutions of strong alkalis the 
outlines of the degenerated nuclei reappear. As the cell^ are pushed nearer the 
free surface, by the process of cell division in the deeper layers and the coincident 
desquamation of cells from the free surface, they become more and more flattened 
and desiccated and more completely and firmly fused together until at the surface 
they form the partially detached ceH masses or scafes— scaly layer, stratum 
squamosum — which are eventually removed by continued desquamation. 

It is the thicker portions of the epidermis only, which possess all the charac- 
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teristic layers above described. In other portions of the body the horny layer is 
much thinner (Fig. 274). In these thinner jjarts the epidermis consists of a 
prominent rcte nmcostim which is covcrcti hy a relatively thin layer of horny 
cells. The stratum granulosum, in such portions, is not usually demonstrable, tlie 
stratum lucidum is absent or indistinct, and the entire horny layer consists only 
of flattened cornified cells, the more sn|)erficial of which form a thin scaly layer. 

THE DERMA 

The denna (dermis) or eorutm (derma vera, cutis vera) forms a connective 
tissue bed or matrix uixan which the cpklennis lies. It is divisible into two strata, 
a deeper reticular layer in which co.arsc filjcr bundles interlace to form a loose 
connective tissue network, and a superficial papillary layer in which the finer 
bundles of connective tissue form a more closely meshed network. 

The Papillary Layer (Stratum PapUIar©). — The surface of the papillary layer 
presents numerous conical cltvations, the paftHlae of the coriiim. which project into 
corresponding cup-shajicd cavities in the under surface of the epidermis. Many 
of the connective tissue papillae contain tactile end-organs (touch corpuscles of 
Meissner), and terminal filaments of the nerve fibers. They may therefore be 
regarded as the special organ of tactile sensation. Other papillae contain no touch 
corpuscles but arc richly supplied with capillary blood vessels. Two types are thus 
distinguished, the tactile papillae and the vascular papillae. 

Papillae are most abundant in the palms of the bands and the soles of the feet, 
where they arc mostly arranged in rows which are responsible for the fine lines 
and ridges visible to the naked eye. In other portions of the body tliey are less 
numerous and are often less regularly disposed. 

The papillary layer consists entirely of collagenous and elastic connective tis- 
sues which form a supporting membrane for the finer branches of the cutaneous 
blood vessels and nerves. The elastic tissue supplies a rich network of fine fibrils to 
all portions of the papillary layer, and just beneath the epidermis it forms a deli- 
cate elastic membrane whose fibers intermingle with the hyaline cuticular deposit 
of the columnar epidermal cells to form a, firm resistant bascuicut membrane. 
Many of the elastic fibers of the papillae, especially the more superficial ones, pur- 
sue a peculiar arciforni cour'ie from the base to the apex of the conical papillae. 
In this way they surround and inclose the centrally situated capillaries and the 
tactile corpuscles of the papillae. 

The Reticular Layer (Stratum Reticulare). — ^The deeper portion of the 
corium consists of interlacing bundles of connective tissue fibers which form ? 
loose meshwork. These bundles are much coarser than those of the papillary lajer 
with which they are imperceptibly blended. The reticular layer contains the larger 
blood vessels of the corium, many small nerve trunks, the ducts and parts of the 
secreting portions of the sweat glands, the more superficial sebaceous glands, and 
many of the smaller hair follicles. Lamellar corpuscles and nerve end-organs of 
Ruffini are also found in this layer. 

The skin of the face contains many striated muscle fibers which are derived • 
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from the insertions of the mimetic muscles. The corium of the scrotum (where it 
forms the tunica dartos), of the penis, perineum, and areola of the nipple contains 
much smooth muscle, intermingled with which is a considerable amount of elastic 
tissue. 

SUBCUTANEOUS TISSUE 

The subcutaneous tissue {tela sttbculanca, subcutis, hypodennis) consists of 
bands and septa of fibrous connective tissue which extend from the deeper margin 
of the derma to the underlying fasciae of the muscles and the periosteum of the 
bones The direction of these fibrous bundles is very variable. The more nearly 
parallel to the cutaneous surface the fiber bundles are, and the looser the meshes 
which they form, the greater is the mobility of the skin 

The meshes of the subcutaneous network are occupied by lobules of adipose 
tissue. When abundant the sul>cutis is termed pannicuhis adiposus. Tlie subcutane- 
ous tissue contains the main nerve trunks and larger blood vessels of the skin, 
the larger sudoriparous and sebaceous glands, and the coarser hair follicles. It 
also, together with the deeper part of the derma, contains the nerve end-organs 
of Pacini, Ruffini, and the Golgi-Mazzoni corpuscles (see Cliapter VI). 

Small bundles of smooth muscle fibers which form the arrectores pilorum 
muscles take origin from the deeper surface of the corium and are inserted into 
that portion of the hair follicle which is embedded in the subcutaneous tissue, 
usually slightly above the middle third of the follicle. An orrector pili muscle may 
comprise from two to five bundles. These fusiform or columnar muscle bundles 
are found in connection with all the hairs, but in the scalp they are most highly 
developed and lie most deeply in the subcutaneous tissue. However, in the scalp 
even coarser hairs may lack erector muscles.’ 

At the level of the vascular plexuses between the corium and the tela subcu- 
lanea. Haggquist^ has described a thick bundle of smooth muscle not previously 
recognized It lies directly beneath a cold spot, and is not found in skin lacking 
cold spots The muscle is believed to contract reflexly when a cold object is placed 
on the skin and constrict the local blood supply. 

In addition to the well-recognized functions of superficial protection and heat 
regulation, the skm serves also as a reservoir for the storage of cholesterol, water 
and sugar. Accordingly, it may play an important role in preventing dangerous 
desiccation after hemorrhage,’ in carbohydrate metabolism ® and in the effective 
utilization of ultraviolet radiations Eckstein and Wile’ have shown that approxi- 
mately one-fifth of the hpoid materials extracted from the skin consist of choles- 
terol Light treatment of the skin protects against rickets, apparently by activation 
of the ergosterol element in cholesterol. The cholesterol of the skin would seem 
to be mobile and serve an active metabolic function. 

* Kanaizuka, 1926. ' 

* Haggquist, 1913 

® Skelton, 1927. 

* Folin, Trimble and Newman, 1927. 

’’ Eckstein and Wile, 1926. 
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DEVELOPMENT AND GROWTH 

The skin may be said to arise with the first dtfTercntiation ol the embryo into 
its three germ layers. The ectoderm, which is at first a single cell layer, becomes a 
double layer by the end of llic first month. It continues to increase in thickness 
until by the end of the second month it can he difi’crentlatcd into two layers, a 
superficial periderm (c/'jfriV/'itnjn), and a 
deeper pcnm’nQl loyrr. 

The periderm forms a layer of pe- 
culiar domc-sliapcd cells with flattened 
margins and a vesicular center. It con- 
tinues to form the superficial layer of the 
epidermis until about the sixth month, 
when it is lost by desquamation. The 
germinal layer consists of a deep stratum 
of cylindrical cells and one or two super- 
ficial strata of spheroidal vesicular cells. 
The latter are knoum as the stralum tV 
fcniicdfinH. Ily the fifth or sixth month 
cell difTcrentiation has advanced in the 
intermedivile portion until cornlfication 
can lie distinguished in its superficial cells. 

Further development is analogous to 
the growth of the mature epidermis. New 
cells are rapidly formed in the deeper por- 
tion, stratum germinativum, and are 
steadily pushed toward the surface. Their 
migration is accompanied by slight, or 
later by more pronounced cornification. 
In the latter case this gives rise to the 
stratum granulositm, stratum lucidum, and 
homy layer. In tlie former case it pro- 
iluces only relatively slight flattening of 
the superficial cells without the appear- 
ance of keratin or the disappearance of the nucleus. 

The derma arises from the superficial layers of the mesoderm as ordinary con- 
nective tissue, in which the appendages of the skin make their appearance as 
ingrowths from the epidermis Certain mesenchymal cells form the smooth muscle 
fibers of the arrectores pilorum muscles and of the derma of those locations where 
muscle is present in the mature skin. Other mcsenchjTnal cells produce the fat 
lobules of the subcutaneous tissue. Papillae appear during the fourth or fifth 
month but do not attain their completed development until much later. 



Fig. 278— TiiRtR Eapcv Stacfs in vnE 
HtsToeexESts or rue Skin. 

A, single-layered epidermis from dorsal 
body wall ot a 5 millimeter human embryo; 
B, Iwo-Iayered epidermis from dorsal b^y 
wall of 13 millimeter human embryo; C, 
multiple-layered epidermis from nose of ai 
millimeter pig embryo Per, periderm (epi- 
trichium) ; Epi, epidermis ; Mfs, mesenebyma 
differentiating into the derma. X750. 
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CUTANEOUS APPENDAGES 
The cutaneous appendages include the sudoriparous glands, the nails, the hair, 
and the sebaceous glands. 

Sudoriparous Glands 
{Ghndulac Sudoriparac, Sweat Glands) 

The sudoriparous glands occur in all portions of the skin, but more abundantly 
in certain locations, c,g., palms of the hands and soles of the feet — where their 
number has been estimated at between two and three thousand to the square inch — 
axillae, groin, and circumanal region. Over the back, where they are least numer- 
ous. their number is said to be less than five hundred to the square inch. They are 
long, coiled or convoluted, tubular glands whose secreting portions He in the 
subcutaneous tissue and in the deeper part of the corium. Their ducts extend 
through the corium to the under surface of the epidermis where the lining epithe- 
lium of the duct becomes continuous with the cells of the interpapillary portion of 
the stratum germinativum. In its further course through the epidermis the duct 
of the gland forms only a tortuous spiral cleft or passage whose wall is formed 
only by the concentrically placed cells of the %'arious epidermal lajers through 
which it passes. The glands of the axilla and circumanal region are branched. 

The secreting or coiled portion of the gland {fundus) consists of a secretory 
epithelium resting upon a delicate h)alme membrana propria in whose outer por- 
tion are concentrically disposed connective tissue fibers. The inner portion of this 
membrane contains many longitudinal fusiform fibers whose nature is somewhat 
doubtful, though they have been most frequently considered to be smooth muscle 
fibers They may be designated niyo-epitheVial cells. These cells are frequently 
branched, their processes often extending between the cells of the secreting epithe- 
lium nearly to the lumen of the gland. 

The secreting epithelium of the fundus consists of tall columnar cells which 
possess a large spheroidal chromatic nucleus and a finely granular cytoplasm. The 
basal portion of their cytoplasm is often slightly rodded and the cells are so closely 
pressed together that it is frequently impossible to distinguish their outlines. The 
secreting cells are disposed in a single layer and, except after active secretion, are 
so tall as to leave only a very narrow, central, glandular lumen. During secretory 
activity the cells become shrunken and their cytoplasm more granular. After a 
period of rest the cytoplasm again becomes clear and vesicular in appearance and 
the cells are much distended. The secretion reaches the lumen through intra- and 
intercellular canalicuH 

The ducts are lined with a double, occasionally triple, layer of somewhat flat- 
tened epithelial cells, which rest upon a delicate membrana propria continuous 
with that of the secreting portion. The gross diameter of the duct is much less 
than that of the secreting portion of the gland, yet the lumen o! the duct may be 
larger. That portion of the duct which is lined with the thin stratified epithelial 
layer pursues a spiral course through the subcutaneous tissue and the derma It 
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finally reaches the cpulcrmis, which U enters in the interval lietwecn the dermal 
papiilae (intcrpapi'llary portion of the cpMcnnts). Its lining epithelium is con- 
tinuous with that of the stratum gcmiiiiatmim, ami in its course through the epi- 
dermis the ^Yall of tlic duct consists solely of the surroimding epidermal cells. 
The stratum gratndosutn and atljacenl portion of the homy layer in the immedi- 
ate ncigliborhood of the duct is invaginated into the stratum mucosurn. which is 
thus considerably thinned hy the jassage of the duct. 

Tlie sweat glands are ahumlantly supplied with capillary lilood vessels and 
small immycHnalcd nerves, which form plexuses almiit the walls of the coiled por- 
tion of, the gland, and from which terminal fihriU penetrate the hasement mem- 
brane and end in contact with the secreting cells. 

The sweat glands arc not absolutely essential organs. TIic necessary insensible 
perspiration is mediated by the skin. The sweat glands constitute an emergency 



Fie. 379 — SE'tRAt Coils of a Sowhipardus Guand of th£ Human Fincer. 
a, secreting portions, thn'r lumen containing traces of secretion; I/, ducts; m, muscle cells 

xsso 

apparatus caUecTinto action for the regulation of the body temperature only under 
stress of exercise, hot weather and the like.* - . 

Development. — The sudoriparous glands first appear in the fetus during the 
fifth month as solid columnar ingrowth from the stratum germinativum of the 
epidermis. These processes grow inward tlirough the primitive corium to its junc- 
tion with the looser subcutaneous tissue. Here tiie cell columns become thickened 
and convoluted, and at about the same period their lumen appears. The glandular 
lumen is not at first connected with the free surface, but as the cells of the ger- 
minal layers of the epidermis gradually replace those which are more superficial 
the epidermal portion of the duct is formed. At about the seventh month the lumen 
of the duct opens upon the epidermal surface. The membrana propria of the 


sMacKee and Andrews, 1924 
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fundus and dermal portion of the duct is derived from the surrounding connective- 
tissue elements of the mesenchyma. 

The Nails 

The nails are produced by a peculiar modification of the epidennis by which 
the stratum lucidum becomes greatly thickened, while the horny layer (eponychium 
of the embryonic nail) is at the same time wanting. The nail is divisible into the 
nail body and nail root; the former comprising the exposed, the latter the hidden 
portion of the organ The root of the nail is overhung by a fold of the skin, the 
thickened horny layer at the margin of which forms an adherent border, the 
eponychium of the adult nail. 

The nail groove or sulcus is included between the overhanging skin and the 
root of the nail. It is deep at its jiroximal end but is shallow at the lateral margins 
of the nail. The distal or free border of the nail projects over the skin at the tip 
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ntially reaches the epidermis, which it enters in the inter\'al l)ctwcen the dermal 
papillae (interpapillary portion of the cpMcrmh). Its lininK cpillicHum is con- 
tinuous with that of the stratum gcnmnatmini, and in its coiirsc through llic epi- 
dermis the wall of the duet consists solely of the snrrotinding epidermal cells. 
The stratum granulosum and adjacent })ortion of iIjc )»orny layer in the immedi- 
ate nctghhorhoocl of the duct is invaginalcd into the stratum mucosum, which is 
thus considerably thinned hy the jassage of the duct. 

The sweat glamls arc atjundanlty supplied with capillary blood vessels and 
small unmyelinated ncrs'cs, which form plexuses alxuit the walls of the coiled por- 
tion of^ the gland, anti from which tcmnnal fibrils {>cnctratc the basement mem- 
brane and end in contact with the secreting cells. 

The sweat glands arc not absolutely essential organs. The ncccs.sary insensible ' 
perspiration is mediated by the skin. The sweat glands constitute an emergency 



Fig 279 — Sevebal Coils op a Sohomparous Gland of the Human Finger. 
a, semtmg portions, thevr lumen containing traces of secretion; l>, ducts; m, muscle cells 
Xs50. 

apparatus calletTinto action for the regulation of the body -temperature only under 
stress of exercise, hot weather and the like.® 

Development. — The sudorijiarous glands first appear in the fetus during the 
fifth month as solid columnar ingrowth from the stratum gemiinativum of the 
epidermis. These processes grow inward tltrough the primitive corium to its junc- 
tion with the looser subcutaneous tissue. Here the cell columns become thickened 
and convoluted, and at about the same period their lumen appears. The glandular 
lumen is not at first connected %vith the free surface, but as the cells of the ger- 
minal layers of the epidermis gradually replace those which are more superficial 
the epidermal portion of the duct b formed. At about the seventh month the lumen 
of the duct opens upon the epidermal surface. The membrana propria of the 


. MacKee and Andrews, 1924 
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fundus and dermal portion of the duct is derived from the surrounding connective- 
tissue elements of the mesenchyma. 

The Nails 

The nails are produced by a peculiar moflification of the epidermis by which 
the stratum lucidum becomes greatly thickened, while the horny layer (cponychium 
of the embryonic nail) is at the same time wanting. The nail is divisible into the 
mil body and nail root; the former comprising the exposed, the latter the hidden 
portion of the organ. The root of the nail is ovcrliung by a fold of the skin, the 
thickened horny layer at the margin of which forms an adherent border, the 
cponychium of the adult nail. 

The nail groove or sulcus i.s included between the overhanging skin and the 
root of the nail. It is deep at its jiroximal end hut is shallow at the lateral margins 
of the nail. The distal or free border of the nail projects over the skin at the tip 


Fig. 280 — Terminal Phalanx of Finger of Human Fetus. 

Showing JV, nail; F, nail fold; fj. byponycliium , E, cponychium; developing sudoriparous 
glands, and developing bone. 

of the finger and the tliickening of the horny layer of the subjacent epidermis 
forms the so-called hyponychium. 

Finer Structure. — The nail consists of two layers, the superficial stratum luci- 
dvim and the deeper germinal layer. Tliese are continuous at the border of the nail 
with the corresponding layers of the epidermis which lines the nail groove. At 
the distal border, however, the nail proper or thickened stratum lucidum ends 
m a free margin. The finer structure of these two layers does not essentially differ 
from that of the corresponding layers of the epidermis. 

The fHcidnui in the body of the nail is very thick and its cells are 

so completely blended with each other through the excessive eleidin production 
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that it is impossihlc to distinguish tlicir omh'ncs. liy maceration in alkalmc solu- 
tions, however, the outlines of both cells and nuclei may lx; caused to reappear. 
In the nail root the stratum lucidum increases rapidly in thickness as it grows 
distad ; in the body of the nail this layer is not xcry materially 
thickened as it approaches the distal or free margin. 

The stratum (jermwativum is of nearly equal thickness 
in all portions of the nail body. In the nail root it is some- 
what thicker and forms the jmi7 i»o/n.r of Kanvicr. In tins 
portion also is a distinct stratum gramilosum. a layer which 
is absent or rudimentary beneath the hotly of the nail. It is 
the presence within this layer of mimerous keratohyallne 
granules which ren- 
ders the root of the 
naif opaque and thus 
forms the dull white 
lunula which contrasts 
with the transparent, 
clcidin-containing, 
stratumlucidum, which 
^ latter layer alone cov- 
ers the germinal layer 
^ of the nail body. 

The KaU Bed.— 

Tile nail rests upon a 
very vascular corium 
or nail bed (vialrix 
of authors) ivhicb is 
continuous with the 
corium or derma of 
the skin. The nail bed 
is sometimes regarded 
as active in nail for- 
mation, but this proc- 
ess is now generally 
believed to be limited 
to the matrix of the 
root. The nail bed at the margins of the nail is provided 
with papillae as in other portions of the skin, but beneath 
the body of the nail its surface is raised into longitudinal 
ridges which possess only very minute secondary papillae. 

Nail Gro^h. — The growth of the nail occurs in the 
matrix of the nail root. The cells of the stratum germina- 
tivum of this portion, having been once formed by active 
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Fie. 28 :.— Transection TOBouen the 
Margin or a Finger Nail. 




On the left is the skin, on the right 
the nail, a, horny layer; b. y, ger- 
minal layer ; c, c’, corium , d, margin of 
the nail ; s, nail sulcus. !ModerateIy mag- 
nified (von Brunn ) 




Fig. 282.— Longitudi- 
nal Vertical Sec- 
tion or the Vou.vc 
Nail and Nail Bed 
OF AN Infant. 
tt.r., nail root or lu- 
nula ; « . nail ; n b., na'I 
bed ; e., eponychium ; A , 
hyponychium. (Dahl- 


mitosis push obliquely forward and ouUvard toward the nail gren and Kepner.) 
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body. It is thus that the more advanced are constantly carried onward toward the 
free border. The growth of the nail ocairs at the rate of about one thirty-second 
of an inch per week (Schafer). 

Development. — In the fetus the nail appears as a direct formation of the 
epidermis, which is very early evidenced by a thickening of the stratum lucidum 
in the nail area. The nail is therefore at first covered by the superficial peridermal 
cells of the cuticle. The nail groove is rapidly formed by an invasion of the meso- 
blast by the epidermal cells which become piled up at the margin of the groove to 
form an excessive horny layer, the definitive representative of the embryonic 
eponychium. At the distal extremity of the nail the superficial cells arc also accu- 
mulated into a considerable mass which forms a prominent hyponychium. Further 
growth of the nail pushes its distal margin forward over the hyponychium so that 
the border becomes free shortly prior to birth. The peridermal cells are then shed 
and the nail body finally presents, at about the time of birth, its naked stratum 
lucidum. 

The Hair 


Development. — The structure of the liair will be most readily appreciated if 
the discussion of the structure is preceded by a brief introductory sketch of its 
development. 

The Hair Germ . — The hairs arise at any time after the third month of fetal 
life, their earliest primordium appearing as an area of slightly increased prolifera- 
tion of the cells of the germinal lajer of the epidermis. The further multiplication 
of the cylindrical cells produces a solid columnar ingrowth of the epidermis which 
penetrates into, and sometimes through, the primitive derma. The spheroidal cells 
of the intermediate layer of the epidermis increase in size, assume a vesicular 
character, and finally by fatty degeneration form the epidermal hair canal through 
which the future hair reaches the surface. 


The Hair Column . — ^The columnar epidermal ingrowths, hair columns or hair 
pegs, come into early relation with the primordium of the hair papilla which is 
formed by a proliferation of the mesenchymal cells at the tip of the hair column 
Further development of the papilla produces an indentation of the advancing hair 
column and gives rise to a true dermal papilla of considerable size. 


The Hair Coincident with the formation of the papilla there occurs an 

increased proliferation of the cells of the hair column by which it is surrounded 
and which therefore represents the future hair bulb. Two othei- swellings appear 
in the hair column; one, the more superficial, forming the primordium of the 
sebaceous gland, and the other, the deeper, terming the so-called epithelial bed 
or matrix of the hair which stands in close relation with the growth and future 
regeneration of the hair. This second swelling is sometimes interpreted as simnlv 
offering a point of attachment for the arrector pili muscle. ^ ^ 

The development of the hair papilla produces a slight evagination of the eoifhe 
hum of the hair bulb, which is just sufficient to redirect the growth of central cells 
of the hair column toward the cutaneous surface. It is thus that the younger cells 




Fic. 283 Fn’E Stages in the Development of a Human Hair. 


a, papilla ; b, arrcctor pili muscle ; c, the line is directed toward the primordial shaft ; d, cells 
which form the hair canal; c, sebaceous gland; /, hair germ in epidermis; ff, hair sliah; /», 
Hcnlc’s layer; i, Huxley’s layer; b. cuticle of the root sheath; /, inner epidermal root sheath; 
m, outer root sheath in tangential sectton; «, outer root sheath in longitudinal section; 0, dermal 
root sheath; P, epithelial bed X460 (Stohr.) 
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which arise by mitosis in the germinal layers of the hair bulb are pushed outward 
along the axis of the hair column where they form the shaft of the future hair. 
The growth of the hair from the germinal cells of the hair bulb is accompanied 
by beginning cornification of the newly formed cells of the primitive hair shaft 
and of the intermediate cells of the hair column. The growth of the shaft is, how- 
ever, preceded by enlargement, vesiculation, and fatty degeneration of the central 
cells of the hair column, thus producing a central canal through which the hair 
may grow, and which later becomes continuous with the hair canal of the epi- 
dermis. 

The Hair Follicle. — At this stage the hair column has become differentiated 
into a peripheral follicle, the primitive root sheath, and a central hair. Continued 
multiplication of the cells in the germinal layer of the bulb pushes the advancing 
tip of the hair nearer and nearer the surface until it forces its way into the epider- 
mal hair canal. Finally the thin cuticular covering is ruptured and the eruption of 
the hair shaft occurs. 

Further differentiation of the cells of the epidermal root sheath and the forma- 
tion of a mesenchymal or dermal sheath of connective tissue completes the devel- 
opment of the hair follicle. This process is frequently repeated and results in the 
formation of new hairs not only during fetal life, but also, in constantly decreas- 
ing numbers, throughout childhood and adult life. 

The Mature Hair. — Its development reveals that the hair follicle, being formed 
as it were by an invagination of the epidermis, contains a dermal and an epidermal 
sheath and that the outer portion of the latter, being identical with the deeper 
portion of the epidermis, must possess a close structural resemblance to the rcte 
mucosum, while its inner portion, like the horny layer of the skin, is more or less 
cornified. There is thus an outer and an inner epidermal root sheath corresponding 
respectively to the mucous and homy layers of the epidermis; the cornified portion, 
inner root sheath, becomes progressively thinner toward the hair bulb. The hair 
on the other hand, represents an excessively developed horny layer whose rete 
mucosum is found in the germinal layer of the hair bulb. 


The mature hair is divisible into a hair shaft or free portion, and a hoir root 
or concealed portion. The latter is inclosed within an epidermal and a dermal root 
sheath which together form the hair follicle. 

The Hair Shaft. —Sections of the hair sliaft present a thin cuticle which con- 
sists of delicate horny scales whose free edges are imbricated upward, vh., toivard 
the tip of the hair. Within the cuticle the hair may consist solely of a hair cortev 
formed by flattened and very much elongated horny epithelial cells, which fre- 
quently retain the remnant of a nucleus, and whose keratized cytoplasm is often 
much pigmented; or the axis of tile coarser hair may contain enlarged angular 
cells m which eleidin granules and much pigment are found. In the latter case the 
hair is said to possess a medulla. The medulla is seldom if ever present thrn.mt,™ . 
the entire length of the hair. When present it sometimes contains numerous air 
bubbles which, together with the pauaty of pigment, produce the lighter shades 
of hair peculiar to certain individuals. Whitening of the hair is the result of the 
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activity of pigmcntophagcs (Mctdinikoff, * 98 ), macrophages which invade the 
periphery of the hair Indbs and absorb am! digest the pigment grannies. 

In the light of its development it is ol»viotts that the several layers of the hair 
shaft are comparable to the liomologows layers of tlic homy epidermis, the cuticle, 
cortex, and medulla of the hair l>cing respectively homologous with the scaly layer, 
the flattened cell layer, and the c}cKlin<ontainmg layer or stratum lucidum of the 
epidermis. 

r/ie Hair Root . — ^The root of the hair, except for the fact that it is immecli* 
Rtely invested with a Irair foUiclc, <!ocs not in any way dilTcr hi structure from the 
hair shaft. It possesses the same llircc layers, tlic medulla, however, licing very 
irregularly developed. 

The imbricated cells of its cuticle interdigitatc with the similar cells of the 
cuticle of the inner root sheath in the deeper lialf of the follicle; in its superficial 
half, vis., above the opening of the scl)accous gbrnl.a narrow space inter\'enes 
between the cuticle of the hair .and that of the root sheath. 

The axis of the hair root Is always inclined at an angle to the epidermis; it 
therefore makes with the epidermis an ohtusc angle on one side and an acute angle 
on the other. The arrector pili muscle is always found on the side of the obtuse 
angle; « therefore, hy drawing the hair follicle and its inclosed hair root nearer 
the perpendicular, causes the erection of the liair. The sebaceous gland is included 
in the angle between the arrector muscle and the hair follicle. Contraction of the 
muscle may aid also in the expulsion of the sebum. Extreme contraction of the 
arrcctores pdorum muscles may result from fright, causing the hair to stand on 
end; in a similar manner cold air may affect, through the pilomotor fibers, the 
erector muscles of the small hairs distriltuted over tlie body and cause the so<alled 
goose flesh 

The EpidermaJ Root 5/»co//f.-~The epidermal root sheath consists of an inner 
and an outer portion, each of which at al»out the mid-level is dirisible into three 
layers corresponding to the three similar layers of the homy and the mxicous por- 
tions of the epidermis In those portions of the follicle and in those individual 
hairs m which the process of comification is less advanced these subdiv'isions 
cannot all be demonstrated, and it is only in the most highly developed hair that 
they are typically found. This is in accordance with the structure of the epidermis, 
in which the subdivisions of its Itomy and mucous portions are typically found 
only in the more highly developed portions, the palms and soles. 

Inner Root Sheath — ^The cuticle of the inner root .sheath consists of thin 
horny epithelial scales which are imbricated downward, vis., toward the hair bulb, 
and which interdigitatc, in the deeper portion of tlie follicle, with the similar scales 
of the hair cuticle. The directton of the imbrication explains the removal of the 
epidermal root sheath when the hair is forcibly extracted. 

The midiayer of the inner root sheatli. layer of Huxley, one or two cells thick, 
consists of horny cells winch are somewhat flattened, and in which the semblance 
of a nucleus is sometimes present.^ It corresponds to the flattened eel! layer of the 
epidermis. 
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The outer layer of the Inner root sheath, iaycr of llenle, js frequently wanting 
or nniJcrcciJlHily Ij!cjkIc<I with the prcccrling layer. Its cells are clear and highly 
refractive and tlicir nuclei can tint rarely lie demonstrated in the usual micro- 
scopical prciiaratious. The layer is seUloni more than one cell deep. It is homolo- 
gous with the slratnin hicidimt of the epidermis. 



Fie. aSs. — ^Transection of a Hair Kusr the ^flD0C.E or the Root Sheath. 
tf , dermal root sheath , b, outer margin of tlie epidermal root sheatl» — the light space is the 
glassy membrane, the polyhedral cells form the outer epidermal root sheath ; c, HenJe’s layer 
of the inner epidermal root sheath; d, Huxl^s layer; e, cuticle of the root sheath; /, cuticle 
of the hair ; g, cortex of the hair shaft Highly magiufied. (Kolliker.) 

Outer Root Sheath. — The outer root sheath is continuous with the stratum 
mucosum of the epidermis and therefore contains similar cell types. The granular 
layer, as in the epidermis, is frequently absent or rudimentary, but can be demon- 
strated readily in hematein-stained sections of the more highly developed ham 
follicles. It rests upon a layer, several cells deep, of spheroidal prickle cells. The 
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outermost layer of the outer root sheath is formed by a basal layer of cylindrical 
cells. It grows progressiveU thinner toward the hair bulb, where its cells become 
mingled with the germinal cells of the hair matrix. 

Dermal Root Sheath. — ^The dermal root sheath presents three layers, an inner- 
most basement membrane or glassy laj'cr, a layer of circular connective tissue 
fibers and a similar layer of longitudinal fibers. These layers are obviously homolo- 
gous with the basement membrane, the papillary layer, and the reticular layer of 
the derma, respectively. The dermal root sheath is, however, entirely devoid of 
papillae. 

The glassy meuibraiic is a peculiarly thick homogeneous memlirane which is 
chiefly mesodermal in origin, hut whose innermost portion is formed as an exo- 
plasmic product of the adjacent epithelium. This membrane is highly refractive 
and contains very few connective tissue cells or fibers. 

The circular fibers of the dermal root sheath contain interlacing bundles of 
collagenous fibers, which are mostly disposed in a ring-like manner. Elastic fibers 
are absent. Within this layer is a dense anastomosing plexus of capillary blood 
vessels, together with a rich subepithclial plexus of unmyelinated nerve fibers. 

The lougitudiual fibers of the connective tissue root sheath also form inter- 
lacing fiber bundles, most of which arc somewhat obliquely disposed. The bundles 
are coarser than those of the preceding layer and contain a few elastic fibers. 
This portion of the root sheath contains many small blood vessels and nerves 
which supply the ple.xuses of the circular layer. 

The hair follicle in transverse section varies in different races from circular to 
elliptical form. In the Chinese race the diameter of the follicle and the hair is 
100 X 77 to 85, in the European lOO X 62 to 72 and in the Negro too X 40 to 
60. The more elliptical the form of the follicle the greater the curl of the hair. 
Curly hair is associated also with follicles having a greater degree of inclination in 
relation to the skin surface For further details reference should be made to a series 
of articles on Hair by Danforth,® 

Atypical Portions of the Hair Follicle. — As already indicated, the hair follicle 
presents some structural differences at I'arious levels. The typical arrangement is 
found only in the midportion of the follicle. 

In its superficial portion the hair lies free in the follicular lumen, the interval 
between it and the inner root sheath being only partially occupied by the fatty 
secretion of the sebaceous gland which enters the lumen of the follicle at the 
deeper portion of its middle segment. At this level also, the root sheaths of the 
hair offer a gradual transition from their typical structure to that of the dermal 
and epidermal layers with which they are continuous. 

The hair bulb likewise differs prominently from the typical structure of the 
Iiair root. In this portion the germinal layers are very highly developed at tlie 
expense of the horny layers. It is, therefore, in this portion that growth is most 
active. The cells of this region are often deeply pigmented. The increased she of 
the germinal layer, moreover pro duces a distinct bulging of the follicle, which 

® Danforth, 1925. ^ ^ ~ ’ 
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incloses the hair papilla and results in llic peculiar lnill)Ous shape of the extremity 
of the hair follicle. 

The Hair The structure of the liatr papilla is identical with that of 

the vascular papillae of the derma except that it is constructed upon a much larger 
scale. It consists of a conical or clu!)-slrapc<l efevation of connective tissue which 
indents the extremity of the hair hulh. It contains an abundant plexus of capillaty' 
blood vessels and a rich supply of unmyelinated nerves. It also contains a relatively 
large proportion of connective tissue cells. 

Rcgencralion of the Hair . — Hairs arc l)cing continuously shed and regenerated, 
the average life of a hair of the scalp licing stated as sixteen hundred days 
(Stohr). The shedding of a hair is first heralded by an atrophy of its papilla and 
a cornification of its bulb. Growth ceases, and the bair, firmly adherent to its root 
sheath, is graditall}’ carried, by the continued growth of the latter, nearer and 
nearer the surface of the skin. 

Its excursion leaves behind a narrowed cell column which still unites the hair 
with its former papilla. 

From this rudiment a new hair germ may form (Unna), a new papilla develop, 
and the resulting hair grow toward the surface in the path of the molting hair, its 
eruption being preceded by the falling of its predecessor. The fonnation of the 
new hair germ very probably occurs at a point nearly corresponding with the inser- 
tion of the arrector pili muscle, where there is a swelling of the root sheath which 
has been already mentioned as the imlrtx of the hair follicle. This matrix appears 
very early in the development of the hair, but remains quiescent until regeneration 
becomes necessary, when the cells are said to proliferate and grow downward 
filling the space between the atrophic liair and the new bulb. 

In infancy and youth shed liairs are also compensated for by new formation 
from hair germs appearing at the germinal border of the epidermis, the process 
proceeding in the manner already described for the development of the hair. 

The Sebaceous Glands 

These are branched saccular glands which may be subdivided into t%vo classes, 
those whose ducts open into the hair follicles, and those whose ducts open upon 
the free surface of the epidermis. The former are by far the more numerous; the 
latter occur in the skin of the face, red margins of the lips, labia minora, glans 
penis and prepuce, and the tarsal glands of the eyelids. With the above exceptions 
the distribution of the sebaceous glands is coextensive with that of the hairs. They 
are therefore absent from the palms of the hands and soles of the feet. 

A sebaceous gland consists of a dilated saccular fundus, a constricted neck, 
and a short and narrow duct. Occasional glands are composed of a single saccule, 
but more frequently they are compound, the several saccules opening by a single 
short duct which is lined by flattened cells. In the tarsal glands the secreting sac- 
cules are connected with the long excretory duct by means of a short intercalary 
duct. The fatty secretion of the sebaceous glands, sebum, is formed by the direct 
transformation of the protoplasm of the glandular epithelium. 



Only the foJJicJes and the inclosed portion of the hair shafts are represented. The various 
stages are numbered in order. (Unna ) 
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The saccules of the schaccous glands arc invested hy a thin connective tissue 
tunic and a delicate basement membrane. They arc embedded in the subcutaneous 
fat or in tlic deeper part of tlic coriiim near the hair follicle. The glands arc so 
disposed as to be included within a triangular space beneath the corium, which is 
bounded by the arrcctor pili muscle and the Iiair follicle. The wall of the saccules 
comprises several layers of polygonal epithelial 
Uaf cells the outermost of which arc cuboidal and 

"" P-Vr' £)w</«6«eoiii}W basement membrane. 

! IJcriplicral layers the lining epithelial 

" * cells multiply .so actively that the daughter cells 
V P«slic<l inward until they fill the entire 

saccule. During this excursion they are pro- 
grcssivcly farther and farther removed from 
; their source of nutrition, and as they approach 


Fie 287.— A, Section of a Sedaceous 
Gland from the Human Scalp, 
THROUGH Point of Opening into a 
Hair Folliclf, 

Between the basement membrane ot 
Ihe sebaceous alveolus and the hair 
follicle, the cells exhibit successively 
later stages of fatty metamorphosis 
ending in the production of sebum. 
X160 

B, Portion of Alveolus More 
Highly Magnified. Xsgo. 
(Hardesty.) 


Fre. 288 — Vertical Section of Thick Skin. 

The acteral vessels Intve been injected wih 
camunc-Bclatin. Note capillary supply to papil- 
lary layer and to the secretory portion of the 
sweat glands. (Hardesty.) 


the outlet of the saccule, a process of fatty transformation appears within the 
cell by which its protoplasm becomes changed into a granulofatty mass The accumu- 
lated product of this transformation and final disintegration of the epithelial cells 
forms the secretion of the gland. The sebaceous glands are typical holocrine glands 
Continued cell multiplication at the periphery maintains the integrity of the organ. 
Sebaceous glands of the scalp may become cystic through occlusion of the duct and 
form wens. 

Development. — ^The sebaceous glands develop as minute epithelial buds from 
the sides of the hair columns or from the deeper surface of the epidermis These 
buds soon assume the cliaracteristic flask shape and later become hollowed out 
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by fatty metamorphosis of their central cells. By this process also their lumen is 
eventually made continuous with that of the follicle. Secondary saccules of the 
sebaceous glands are developed in a similar manner by outgrowing germs which 
appear near the constricted neck portion of the primary saccule. 

BLOOD SUPPLY 

The larger arteries supplying the skin lie in the subcutaneous tissue. From 
these vessels branches pass toward the surface, giving off lateral twigs to the rich 
capillary ple.suses in the subcutaneous connective and adipose tissues and about 
the sweat glands, hair follicles, and scljaccoiis glands. These arteries continue their 
course to the deeper part of the corhini, where they form an anastomosing 



Frc. 289 — Reconstructiox of toe Cutaneous Blood Vf.ssels. 
a, epidermis, b, derma, c, subcutancoit, tissue; rf, deep, and c, superficial arterial plexus, 
/-», successive venous plexuses. Xgyi. (Spaltcliolz.) 

cutaneous plexus of small vessels Branches from this plexus pass to the papillary 
layer, ^\here they form a second (siibpapillar)-) plexus from which terminal arteries 
are distributed to the capillaries of the papillae 

The distribution of the veins is similar to that of the arteries. The primarj' 
plexus is found in the papiUary layer Occasionally a second plexus immediate!}- 
xinderlies the first From these plexuses venules pass to the deeper part of the 
corium, whence after free anastomosis they proceed to the subcutaneous tissue 
collecting on the way the venules returning from the hair follicles and secreting 
glands, and from the subcutaneous connective tissue. The verj- rich capillarx- net- 
work in the papilla of the hair bulb is worthy of special mention. 

The skin over the ventral surface of the hand and foot contains peculiar 
arteriovenous anastomoses in the form of a glomus of the so-called Sucqiiet-Hoyer 
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Tlic saccules of tlic sclaccous glands are invested Ijy a thin connective 
tunic and a delicate basement membrane. They are embedded in the stibcu 
fat or in the deeper part of the coriiim near the hair follicle. The glands 
disposed ns to be included within a triangular space Ijcncath the corium, \\ 
bounded by the arrcclor pili nuiscic and llie hair follicle. The wall of the s 


Hoir/ollttff 
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Between the basement membrane of 
the sebaceous ajveolus .incl the hair 
follicle, the cells exhibit successively 
later stages of fatty metamorpbosis 
ending m the production of sebum 
XiCo 

B, Portion of Alveolus More 
HtciiLY Magnified. X550- 
(Hardesty.) 


comprises several layers of polygonal ep 
cells the outermost of which arc cuboid 
rest njKin the liascmcnt memliranc. 

In the fjcriphcral layers the lining ep 
cells multiply so actively that the datighti 
arc pushed inward until they fill the 
saccnle. During this excursion they ar 
Krcs‘<ively farther and fartlicr removed 
their source of nutrition, and as they ap 
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the outlet of the saccule, a process of fatty transformation appears with 
cell by which its protoplasm becomes clianged into a granulofatty mass. The ac 
lated product of this transformation and final disintegration of the epithelia 
forms the secretion of the gland. The sebaceous glands are typical holocrine £ 
Contimted cell multiplication at the periphery maintains the integrity of the ' 
Sebaceous glands of the scalp may become cystic through occlusion of the du' 
form wens. 

Development. — The sebaceous glands develop as minute epithelial buds 
the sides of the hair columns or from the deeper surface of the epidermis, 
buds soon assume the characteristic flask shape and later become hollowe 
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by fatty metamorphosis of their central cells. By this process also their lumen is 
eventually made continuous with that of the follicle. Secondary saccules of the 
sebaceous glands are developed in a similar manner by outgrowing germs which 
appear near the constricted neck portion of the primary saccule. 

BLOOD SUPPLY 

The larger arteries supplying the skin lie in the subcutaneous tissue. From 
these vessels branches pass toward the surface, giving off lateral twigs to the rich 
capillary ple.xuses in the subcutaneous connective and adipose tissues and about 
the sweat glands, hair follicles, and seliaccous glands. These arteries continue their 
course to the deeper part of the coriiini, where they form an anastomosing 



Fic 289 — Reconstruction of the Cutaneous Blooo Vessels. 

0, epidermis; b, derma, c, subcutaneous tissue; d, deep, and c, superficial arterial plexus; 
f-i, successive venous ptexuscs. (Spalteholz.) 

cutaneous plexus of small vessels. Branches from this plexus pass to the papillary 
layer, where they form a second (subpapillary) plexus from which terminal arteries 
are distributed to the capillaries of the papillae. 

The distribution of the veins is similar to that of the arteries. The primary 
plexus is found in the papillary layer Occasionally a second plexus immediately 
underlies the first From these plexuses venules pass to the deeper part of the 
corium, whence after free anastomosis they proceed to the subcutaneous tissue 
collecting on the way the venules returning from the hair follicles and secreting 
glands, and from the subcutaneous connective tissue. The very rich capillarv net- 
work in the papilla of the hair bulb is worthy of special mention. 

The skin over the ventral surface of the hand and foot contains pecuilar 
artenovenons anastomoses in the form of a giomus of the so-called Sucquet-Hoyer 
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The saccules of (he schaccous glands arc invested hy a tliin connective tissue 
tunic and a delicate hasemeut nicmliranc. They are embedded in the subcutaneous 
fat nr in tlic deeper part of the coriuni near the hair follicle. The glands are so 
disposed as to he included within a triangular space beneath the coriuni, which is 
hounded by the arrcctor pili muscle and the liair follicle. The wall of the saccules 
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comprises several /ayers of polygonal epithelial 
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In flic peripheral layers the lining epithelial 
cells nmltiply so actively that the daughter cells 
arc pushed inward until they fill the entire 
sacailc. During this excursion they are pro- 
gressively farllicr and fartlicr removed from 
their source of nutrition, and as they approach 
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The arleriat vessels have been injected with 
carmine-gelatin. Note capillary supply to papil- 
larj layer and to the secretory portion of the 
sweat glands. (Hardesty.) 


the outlet of the faccule, a process of fatty transformation appears within the 
cell by which its protoplasm becomes changed into a granulofatty mass The accumu- 
lated product of this transformation and final disintegration of the epithelial cells 
fomts the secretion of the gland. Tlie sebaceous glands are typical holocrine glands 
Continued cell multiplication at the periphery maintains the integrity of the organ 
Sebaceous glands of the scalp may become cystic through occlusion of the duct and 
form wens. 

Development. — The sebaceous glands develop as minute epithelial buds from 
the sides of the hair columns or from the deeper surface of the epidermis These 
buds soon assume the characteristic flask shape and later become hollowed out 
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corium, which collects the lymph from the tissue spaces of both derma and epi- 
dermis. The vessels of this plexus communicate with a subcutaneous lymphatic 
plexus of larger vessels which follow the course of the blood vessels on their way 
to reach the neighboring groups of superficial lymph nodes. 

NERVE SUPPLY 

The skin is abundantly supplied with large nerve trunks, both sympathetic and 
cerebrospinal (sensory). These find their way along the subcutaneous fat and send 
branches directly to the larger blootl vessels, the hair follicles, the sebaceous and 
sudoriparous glands, to the corpuscles of Pacini, Ruffini, and Golgi-Mazzoni, and 
to the end-bulbs of Krause, which lie in the connective tissue. 

In the cutis vera the nerve trunks form a plexus of delicate fiber bundles in 
the reticular layer, with a secondary, more closely meshed plexus of finer nerve 
bundles in the papillarj* la\cr From these plexuses fibrils are distributed to the 
smaller blood vessels and to the papillae, where many end in tactile corpuscles. 
Other fibrils penetrate the epidermis, terminating as naked fibrils or as menisci on 
tactile cells. 

In the region of the hair follicle small branches form a network of fibrils in 
the dermal root sheath Branches (pilomotor nerves) arc also distributed to the 
arrectorcs pilorum muscles. 

In the sudoriparous glands the nerves form a fine plexus about the membrana 
propria (epilamellar plexus), from which naked axis cylinders penetrate the 
basement membrane and terminate between the secreting cells. 
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type, Such glonii are located in the stratum rclicidarc and arc constantly present 
in tile tips of the digits and in llic palmar surfaces of phalanges l, 2 and 3 and 
the thenar and hypollicnar eminences of (lie hand. In the fool the glonii occur 
in comparable regions. They occur also in the nail bed. They arc absent during 
intra-uterine life; they arc formed shortly after birth, decrease in number with 
age and undergo atrophy with advancing senility. The digital glomus as described 
by Popoll'" is a normal anatomic unit of specific structure (Fig. 290) consisting 
of : ( 1 ) an afTcrent artery ; (2) a Suapict-IIoycr canal, or arteriovenous anastomo- 



Fig 290 — Diagram of the Vascular Arrancemext of Digital Glomus, Siiowino the 
Afferent Artery, thf. Coiled Socquct-Hover Canal, the Afferent Part of the Canal 
Entfring the iSiimaby Collecting Vein (Arteriovenous Anastomosis), and the 
System of Preclomic Arterioles Supplying All the Constituents of the Glomus. 
(Popoff.) 


sis proper, characterized by a stout muscular Trail; (3) preglomtc arterioles, nour- 
ishing all the constituents of the glomus; (4) a clear periglomic zone of retiadar 
tissue supplied with abundant unmyelinated nerve fibers which control the function 
of the S-H canal; (5) a specially arranged system of primary collecting veins; 
and (6) an outer lamellated collagenous zone surrounding the entire glomus. Popoff 
ascribes to the digital glomi the functions of control of arteriovenous circulation 
and the regulation of both the local and general temperature of the body. 

The lymphatic vessels of the skin begin as a terminal lymphatic plexus in tbe 


Popoff, 1934 
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frequently compared to the structure of the tubulo-acinose glands. From this point 
of view the larynx and trachea form the duct stem of the gland, the bronchi form 
the branching interlobar and interlobular ducts, and the terminal bronchioles (in- 
tercalary ducts) end in the numerous acinose air saccules of the lung. 

Development. — The original primordium of the respiratory system, beginning 
with the larynx, is a short linear ventromedial evagination from the cephalic end 
of the primitive esophagus. This tracheal groove becomes separated, distally, thus 
forming a tube, which grows backward, meanwhile dividing distally into the bronchi 
which undergo further division to form the successively finer branches of the 
pulmonary system. The respiratory epithelium is thus of entodennal origin, and 
becomes enveloped in connective tissue of mesodermal origin. 

THE NASAL CAVITY 

This cavity is bounded by a cartilaginous and bony wall and is lined with a 
mucous membrane which, according to the nature of its epithelium, may be divided 
into three portions: the vestibule, the respiratory portion and the olfactory portion. 

Its external and internal openings are the mrcs and choa»ae, respectively. 
Communicating with the nasal chambers are the sphenoidal, maxillar)', frontal, 
and palatal accessory sinuses, and the ethmoidal air cells. Their lining membrane 
is continuous with, and histologically essentially like, though thinner than, that of 
the respiratory portion of the nostril. 

The Vestibule 

The vestibule of the nose corresponds very closely to the cartilaginous portion 
of the nasal wall. Its mucous membrane is continuous anteriorly with the skin and 
posteriorly with the mucous membrane of the respiratory portion. The vestibule is 
lined with stratified squamous epithelium, which offers a gradual transition from 
the moist respiratory epithelium to the dense horny epidermis of the skin. Near 
its external orifice are numerous coarse stiff hairs, vihrissae, connected with which 
are many sebaceous glands. The Aubrissae have no associated arrectores pilorum 
muscles. Some of the glands also open directly upon the surface of the mucous 
membrane. 

The fibrous lamina propria mucosae of the vestibule is continuous with the 
corium of the skin, and in it are embedded the deeper portions of the vihrissae 
and the secreting portions of the sebaceous glands. By its deeper surface the 
lamina propria is closely attached to the perichondrium of those plates of hyaline 
cartilage which form the septum and alae of the nose, 

• The Respiratory Portion 

The respiratory portion of the nasal mucous membrane (Schneiderian mem- 
brane) lines the middle and inferior meatus of the nose. It is continuous anteriorly 
with the mucous membrane of the vestibule, above with the olfactory mucous 
membrane, and posteriorly with that of the nasopharynx. The respiratory region 
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THE RESPIRATORY SYSTEM 


Tlic respiratory system may lie said to comprise a true respiratory organ, the 
pulmonary alveoli, in which the interchange of gases Iwiu'ccn the air and the 
blood occurs, and a system of diict-Iikc fwssages leading thereto. This system, 
beginning with the nasal cavity, succc.s.sivcly includes the nasopharynx, larynx, 



Fig. 291.— Photograph of Auroux Model. Showing Nostril, Pharynx, Larynx and 
Related, Sthoctures. 


trachea, and bronchi of gradually dinimishing caliber, and finally ends in the ter- 
minal bronchioles leading to the air sacs and pulmonary alveoli. 

The arrangement of these several portions of the respiratory system has been 
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infiltrated with lymphocytes and occasional very minute solitary nodules are found. 
The lymphatics of the Schneiderian membrane lead posteriorly to the lymph nodules 
of thf* nasopharynx. 



E, epithelium, C, connective tissue cells; BV, blood vessels; T, tissue spaces; O. osteo- 
blasts; B, bone. (From Hajeh, Nasal Accessory Sinuses.') X310 

The Organ of Jacobson 

Associated with the respiratory portion is the rudimentary vomeronasal organ 
(of Jacobson) In the embryo of one month it appears as a tubular extension, one 
on either side, into the corium (lamina propria) of the median septum, opening 
anteriorly. In transverse section it has a semicircular outline, with its convexity 
mesial In lower forms, e g.. Amphibia, it persists in the adult as a functionally 
important organ concerned with smell. It is innervated by fibers from the olfactory 
nerves, vomeronasal nerves, and by the nervus terminalis, which is present also in 
man.‘ In the cat the tall columnar ciliated epithelium (pseudostratified) includes 
true sensory cells, similar to the olfactory cells. The nervus terminalis contains 
some myelinated fibers, and may contain both afferent and efferent components 
(Johnston). In the rabbit it innervates in addition to Jacobson’s organ, also a wide 
area of the nasal septum (Huber and Guild). 


Johnston, 1914. 
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is lined with columnar ciliated epithelium of the pscmlostratificd type, which also 
contains jnany inucus-secrcting, goblet cells. 

The epithelium rests ujxjn a <!istinct basement membrane which reacts to the 
specific stains for clastic tissue. The lamina propria consists of a very vascular 
connective tissue; it varies much in thickness in dilTcreiit jiortions. It is thinnest 
in the accessory sinuses and is thickest where it covers the tiirhinal bones and the 
adjacent portions of the nasal septum. The lamina projiria is richly supplied with 
both mucous and serous glands. The smaller ones, in the thinner portions of the 
mucous membrane, are somewhat convoluted; the larger and more numerous are 



Fie 292— From a Section of the Mucous Membrane of the Respiratory Region of 
TJ iF Homan Nose. 

<j-o, ciliated epithelium; fr-fr, mixed mucoserous glands. X185. 

tubulo-acinose glands. Many of the latter arc mixed glands containing both mucous 
and serous acini. They produce an abundant secretion. 

The Schneiderian membrane is in all portions extremely vascular, many of its 
vessels having very thin walls. The thicker portions over the turbinals and the 
septum are typically erectile. The dense connective tissue of these portions is per- 
meated with broad venous channels which are surrounded by circular bands of 
smooth muscle. Other muscular bundles are longitudinally distributed. The small 
arteries are contained withm the hbromuscular stroma. 

The subepithehal portion of the lamina propria contains fine interlacing bundles 
of connective tissue and many capillary blood vessels. Here and there it is also 
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arid two processes, a distal and a central. Their luiclei are spherical and are disposed 
in several rows beneath the nuclear zone of the snstentacnlar cells; thus they form 
a broad ronr of spherical nuclcu The distal process (dendron) of the olfactorj' 
cell projects as a slender filament whose free end. carrying several fine cilia, 
reaches the surface of the membrane through a pore-like opening in the cuticular 
membrane which is formed by the cuticle of adjacent sustentaailar cells. The cen- 
tral process (axon) of the olfactor)* neuron penetrates to the lamina propria and 
becomes an unmyelinated nerve fiber of one of the many rami of the olfactor>’ 



Fic. 295.— Olfactory ErrrntxiUM op Caip. 

The olfactory cells contrast sharply mih the more numerous sustcntacular cells. (Hardesty.) 

nerve; it passes to the olfactory bulb, where its terminal arborization with the 
dendrons of the mitral cells fonns the olfactor)' gloniemli. 

The hasal cells are short fusiform or conical cells which form the deepest nuclear 
zone of the olfactorj’ iieuro-epithelial layers. Their cytoplasm is finely granular and 
their nuclei are ovoid Frequently they send a short process between the branched 
ends of the sustcntacular cells 

Many small uerve trunl's occur in the lamina propria. The great majority of 
these are unmyelinated and are formed by the central processes of tlie olfactory 
cells, which processes are true axons. Several of the smaller superficial fiber bundles 
unite in the deeper part of the lamina propria to form one of the small olfactory' 
nerv’es Taken together, about twenty in number on each side, these form two 
olfactoiy ner\-es, unique among cerebrospinal nen-es in being collectively un- 
myelinated A few mjelinated fillers, derived from the trigeminus, are also found 
in the lamina propria. They distribute their terminal vasomotor branches to the 
blood vessels, and. by fine sensory filaments which end between the epithelial cells 
supply the neuro-epithehal layer. The trigeminus fibers supply a similar innervation 
to the respiratory mucosa. 
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Tin; Olfactory Portion 

The oUactnrj’ Tiorlion of lire nasal nureoiis nicmhraire, tire olfactory organ, 
lines tire superior meatus, a portion of lire su|rerior ttirlmialc Irene aiuf a corrt- 
sponilinc Iiortion of the mcilian septum, anil its irregular liorilcr here and there 
invades tire upper portion of the miilillc meatus. It consists of a (ihrous laimia 
propria wiicosac and a clothing of ncuro-epitlicliimi. Tire lamina propria contains 
clastic as well as collagenous fillers, and many small tiibulo'-adnosc serous glands. 



Fig 294 — Tiir Olfactobv Mucosa or a Cat. 
o, epithelium , b, basement membrane , r . lamina propna or corium ; d, cuticle ; e, sustentacular 
cell layer, f, olfactory cell layer, //, basal cells; h, blood vessel; i, a tubule of Bowmans 
glands; k, bone Hematein and ptcrofuchsin Photo, X270. 

the olfactory glands of Bowman Beneath the epithelium is an indistinct basement 
membrane 

The iicuro-cpitJicUum contains three intermingled cell types, the sustentacular, 
olfactory, and basal cells. 

The sustentacular cells are columnar ciliated epithelial cells which possess a 
disimtl cvilkutlar twatgm. Tbew tvwckt we. ovot4, anti, since tlvey Ue at the same 
level, they form a continuous superficial sane of oval The deep ends of the 

cells are often branched; they interlace m'th one another and with the processes 
of the olfactory and basal cells The tytoplasm of the sustentacular cells is finely 
granular and contains a yellow pigment 

The olfactory cells ocaipy a unique position among neuro-epithelial cells in 
that they are true nerve or ganglion cells. They possess a small cytoplasmic body 
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and two processes, a distal and a central. Their nuclei are spherical and are disposed 
in several rows beneath the nuclear zone of the sustcntacular cells ; thus they form 
a broad cone of spherical nuclei. Tlie distal process (dendron) of the olfactory 
cell projects as a slender filament whose free end, carrying several fine cilia, 
reaches the surface of the membrane through a pore-like opening in the cuticular 
membrane which is formed by the cuticle of adjacent sustentacular cells. The cen- 
tral process (axon) of the olfactory neuron penetrates to the lamina propria and 
becomes an unmyelinated nerve fiber of one of the many rami of tho olfactory 



Fic 29S“Olfactoiiy Epithelium or Calf. 

The olfactory cells contrast sharply with the more numerous sustcntacular cells (Hardesty) 

nerve; it passes to the olfactory bulb, where its terminal arborization with the 
dendrons of the mitral cells forms the olfactory glotneruH. 

The basal cells are short fusiform or conical cells which form the deepest nuclear 
zone of the olfactory neuro-epithehal layers. Their cytoplasm is finely granular and 
their nuclei are ovoid Frequently they send a short process between the branched 
ends of the sustcntacular cells. 

Many small nerve trunks occur in the lamina propria. The great majority of 
these are unmyelinated and are formed by the central processes of the olfactory 
cells, which processes are true axons Several of the smaller superficial fiber bundles 
unite in the deeper part of the lamina propria to form one of the small olfactory 
nerves. Taken together, about twenty in number on each side, these form two 
olfactory nerves, unique among cerebrospinal nerves in being collectively un- 
myelinated A few myelinated fibers, derived from the trigeminus, are also found 
in the lamina propria. They distribute their terminal vasomotor branches to the 
blood vessels, and, by fine sensory filaments which end between the epithelial cells 
supply the neuro-epithehal layer. The trigeminus fibers supply a similar innervation 
to the respiratory mucosa. 
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The blood vessels of the olfactory mucous nicnihranc arc abundant. Their 
capillary plexuses form several layers in the lamina propria, and their veins mostly 
empty, through the ethmoidal veins, into the superior longitudinal sinus— a most 
significant fact. On the other hand the veins of the respiratory region return their 



Fjg. 29C— Diacrasx of TitE I?a.Arid.vs or tue Neoro.vs of the Olf/^ctorv Nerve aso 

OtFACTORV Betu, 

olf. t„ oJfactorj* ncr\’e located in the olfacior>* region of flic rajal mucosa, whose axons 
enter the ofCactory nersc, c(f and terminate in rcfaii'on with the dendrons of the mitral ceHs, 
VIC , in the olfactory glomcruH. <7/ The axons of the mitral cells, 0, enter the olfactory tract, 
where they make a sharp bend and pass toward the cercliruni giving off frequent collaterals. 
At «' a nerve fiber appears to end by a free ramification among the mitral cells 0/ the olfactory 
bulb. (Schafer.) 


Wood to the internal maxillary vein, while some of those of the vestibule anasto- 
mose with the radicles of the facial vein whicli supply the adjacent skin. 

The lymphatics of the olfactory region can be readily injected from the sub- 
dural spaces of the meninges. They form a oetw’ork in the connective tissue of the 
lamina propna 


THE NASOPHAKYNX 

This cavity, like that of the nose, is limited by a bony wall. Its mucous mem- 
brane is continuous anteriorly with tliat of the respiratorj' portion of the nose, and 
postenorij’ with that of the oropharynx. The structure of its mucous membrane 
resembles that of the Schneiderian membrane, but its dorsal wall, in addition to 
the ciliated epithelium, the thin-walled blood vessels, and the numerous secreting 
glands, contains many small nodoles of lymphoid tissue These noduies form a 
considerable mass, the pharyni/cal tonsil. 

The ciliated epithelium of the nasopharynx is also continuous with the lining . 
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epithelium of the auditory (custachian) tube. The lamina propria is firnil}' adher- 
ent to the bony wall of the dorsal surface, but is more loosely attached laterally 
and ventrally to the pharyngeal and palatine muscles. 


THE LARYNX 


The wall of the larynx is formed by several large plates of hyaline cartilage — 
thyroid, cricoid, and arytenoid cartilages — whidi arc firmly united by ligamentous 


bands of fibrous tissue The cartilaginous wall in- 
closes a mucous membrane of considerable thick- 
ness. 

The larger cartilages are of the hj'aline variety 
and are prone to ossify in adult life. The tips of 
the arytenoids, the cornicula of Santorini, the 
cuneiform cartilages of Wrisberg, and the epi- 
glottis are of the elastic variety of cartilage, and, 
though frequently much infiltrated with fat, are 
not, like the hyaline cartilages, subject to ossifica- 
tion The median portion of the thyroid cartilage 
is also generally elastic in cliaracter; this portion 
does not generally ossify in women. In the lateral 
h3othyroid ligaments are the minute irttkeous 
cartilages, generally hyaline but occasionally fibrous 
in character. 



The intrinsic muscles of tlie lary'nx. taking ori- 
gin from these cartilages, pursue their course 
beneath the mucous membrane. 

The upper portion of the larynx, including the 
greater part of the epiglottis, as far as the false 
vocal cords \s lined with stratified squamous epi- 
thelium which is continuous with that of the 
pharynx. 

The epithelium of the vocal cords and that 
covering the anterior surface of the arytenoids is 
also of the stratified squamous variety. The re- 


Fic 297 —A Vertical Sectioit 
THROUGH THE Lateral Wall of 
THE Human Larvnx 
a, cartilage; b, larjTigeal mucosa, 
clothed witli ciliated epithelium; c, 
transection of the vocal cord, m this 
region the mucosa is clothed with 
stratified squamous epithelium; <J, 
ducts of mucous glands ; c, lymphoid 
nodule ; f, muscle ; g, mucous glands ; 
h, submucosa; 1, blood vessel; V, 
ventricle of the larynx. Hcmatein 
and eosin. Photo. X8. 


maining portions of the larynx, including the base of the epiglottis on its laryngeal 
surface, the ventricle, and the entire portion below the level of the true vocal cords 
are lined with columnar ciliated epithelium of the pseudostratified type. The ciliarv 
motion is directed toward the pharynx. The epithelium rests upon a basement mem- 
brane which is less highly developed than in other portions of the respiratory tract 
The lamina propria mucosae consists of fibroelastic connective tissue in which 
are many small tubulo-acmose mucous glands. These are most abundant in the 
region of the ventricle and the false vocal cords. In this region also there is much 
diffuse Ijmphoid tissue, and the lateral and dorsal wall contains several solitary 
nodules which are so constant in their appearance as to warrant designating them 
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“laryngeal tonsil” (Frankcl). Occasionally, however, lymph noflulcs arc not present 
in the mucous memhrane of the human larynx, 7*hc deeper portion of the lamina 
propria in certain parts, c.r/., in the false vocal cords, contains a few striped muscle 
Fibers in addition to those of die named muscles of tlic larynx. The false vocal 
cords and the ar^tcnocpiglotlic folds contain loose fibrous tissue and frequently 
much fat. 

The true vocnl eonh arc formctl of dense hands of elastic and a few col- 
lagenous fibers which arc covered by a mucosa clothed with stratified squamous 



Fig. 298 — Trsnsectiox of the Wale of a Child’s Trachea. 

/, mucosal //, submucosa, III, carlilagc; IV, outer fibrous coat (/// and IV 
ail adventitia), a, columnar ciliated cpilhehutn ; b, lamina propria; c, layer of elastic hoers, 
d, mucous glands; c, pcncliondrium. 

epitlicliuni. Their free margin is sharply defined; at their attached margin, how- 
ever, they blend indistinctly with the lamina propria. The free margin of the vocal 
cords has no connective tissue papillae on the surface of the lamina propria, but 
toward the trachea superficial papillae of connective tissue project into'the deeper 
surface of the stratified epithelium. 

The mucous membrane of the larynx is freely supplied with blood vessels and 
lymphatics. The latter terminate in the deep cervical lymph nodes The nen'e fibers, 
from the recurrent laryngeal, form an abundant plexus in the laryngeal mucosa, 
from which motor fibers are distributed to the muscles and sensory fibers to the 
epithelium The latter end in fine fibrils between the cells of the lining epithelium. 
In the stratified squamous epithelium, cspedally that of the epiglottis, small taste 
buds are also found ; none, however, occur on the vocal cords 
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THE TRACHEA 

The trachea proper extends from the lower border of the cricoid cartilage to 
the point where it bifurcates into the two primary bronchi, a distance of about 
four and one-half inches. The wall of the trachea somewhat resembles that of the 
larynx. It consists of three layers: the mucous membrane, or tunica mucosa; the 
submucous membrane, or tela submucosa; and the cartilaginous coat, or adventitia. 

The mucous membrane presents slight longitudinal folds, and is clothed with 
columnar ciliated epithelium, with numerous goblet cells, which rests upon a delicate 
basement membrane The lamina propria mucosae includes 
a thin inner layer of connective tissue which is richly sup- 
plied with small blood vessels and infiltrated by many lym- 
phocjtes, and an outer la3'er of elastic tissue most of whose 
fibers are longitudinally disposed. The elastic layer begins 
m the region of the vocal cords in the larynx and is con- 
tinuous below with the similar layer of the bronchial mucous 
membrane. Elastic fibers are more numerous m the trachea 
of the lower mammals than in that of man. A lamina mus- 
cularis mucosae, a characteristic structure of the mucosa 
of the digestive tube, is lacking in the trachea. The elastic 
membrane occupies the position held by the muscularis 
mucosae in other organs. 

The consists of loose areolar tissue which 

contains many small tubulo-acinose mucous glands. The 
ducts of these glands penetrate the mucosa and open upon 
the free surface of the trachea. They supply an abundant 
mucous secretion. This coat also contains the larger blood 299. — Mucus-se- 

\essels and nerves which are destined for the supply of the 

^ \EOLAR OLAND of THE 

mucosa Human Tracheal 

The cartilaginous coat is formed by the C-shaped “ring Hucosa. 
cartilages” of the trachea (from sixteen to twenty in num- "Tbc terminal dark 

ber) which are firmly united to one another by Iieamentous . demilunes. 

, r rx ■ , , Kcconstruction. X200 

membranes of fibrous tissue continuous with the penchon- (Maziarski.) 
drium of adjacent cartilage plates. The cartilages are of the 

hyaline variety and are subject to more or less ossification as age advances. They 
rarely overlap each other, so that but a single plate of cartilage forms the wall at 
any given point. Their borders are irregular, and horizontal sections near the upper 
or lower margin of the cartilage frequently pass through several projections which 
unless properly interpreted, w'ould lead one to infer that the cartilaginous plate 
was interrupted. ^ 

The interval between the ends of the C-shaped cartilage plates is occupied bv 
a membrane of smooth muscle whose transverse fibers unite the adjacent ends of 
the cartilages. The muscle fibers are inserted into the perichondrium of the car 
tdages. Many of the fibers are obliquely, and a few of the outermost are longi 
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tudinally, disposed. This muscular portion of the tracheal wall forms the so-called 
trachcalis musctc. The mucous membrane and submucosa of this portion of the 
trachea arc unusually thick and their mucous glands arc exceptionally large. The 
loose fibrous tissue which invests the outer surface of the cartilaginous coat con- 
tains many small sympathetic nerve trunks and ganglia. 

THE LUNO 

At the root of the lung the trachea divides into a primary hronclms for each 
lung. By repeated subdivisions— the earliest branches licing given off at acute 
angles, the later ones at more obtuse angles — the smaller bronchi finally end 
in minute terminal bronchioles which lead through the alveolar ducts to the 
pulmonary air sacs and alveoH. One may thus distingiiisli between primary, sec- 
ondary, and tertiary bronchi, and bronchioles. The mode of division for the main 
series of bronchi is monopodlal, of the smaller bronchi a mixed dichotomy and 
monopody.* According to Piersol the bronchioles arc the branches of the fourth 
or fifth order. 

Bronchi 

The wall of the primary bronchi is similar in structure to that of the trachea, 
but in bronchial tulics which are one or two 'divisions removed (secondary and 
tertiary bronchi) from the primary bronchi the plates of cartilage are no longer 
C-shaped ; and a complete lamina muscularis mucosae, internal to the cartilages, 
forms the outermost boundary of the mucous membrane. In such tubes — t^-pical 
bronchi — the wall, as in the trachea, comprises: a tunica mucosa, a tela submucosa 
and a cartilaginous coat, or adventitia. 

The imieosa, a continuation of tliat of the trachea, is clothed with tall, col- 
umnar, pseudostratified, ciliated epithelium which rests upon a distinct elastic 
basement membrane. The epithelium is thrown into wavy longitudinal folds. The 
lamina propria is extremely vascular; it possesses an abundant supply of thin- 
walled veins of small caliber, together with many lymph vessels. Its connective 
tissue forms a delicate fibrous reticulum in the meshes of which are many lym- 
phocytes. The outer portion of the lamina propria contains bundles of fine longi- 
tudinal elastic fibers, which form a complete layer about the tube. This elastic 
layer is thickest opposite the ridges and thinnest opposite the troughs of the epi- 
thelial waves. 

The outer boundary of the mucous membrane contains a well-developed lamwa 
viMSciilans mucosae composed of interlacing bundles of circular smooth muscle 
fibers. This layer forms a complete muscular coat which is here and there pierced 
by the ducts of mucous glands whose secreting portions lie in the submucosa. 

The sttbmucosa, by its broad-meshed areolar tissue, loosely unites the mucous 
membrane to the cartilage plates. This coat contains the larger blood vessels, 
nerves, and lymphatics which are distributed to the mucosa. It also contains the 


2 Miller, 1913- 
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secreting portions oi many tubuto-acinose mucous glands, which occur in groups 
that in the larger bronchi almost completely surround the tube. The number and 
size of these glands is in direct proportion to the size of the bronchus. The elTerent 
ducts of the mucous glands penetrate the musciilaris mucosae and open upon the 
free surface in the interval between adjacent folds of the epithelial lining. In the 
lamina propria mucosae the ducts possess ampullary dilatations which are lined 
with ciliated cells and contain portions of the mucous secretion. 



Fic. 3oo.^A Bboschus wom the Luve 

mucosae; ■ 
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tudinally, disposed. This muscular portion of the tracheal wall fonn's the so-called 
trachcalis muscle. The mucous memtiranc and suhmucosa of this portion of the 
trachea are unusually thick and their miicoiH glands are exceptionally large. The 
loose fibrous tissue which invests the outer surface of the cartilaginous coat con- 
tains many small sympathetic nerve trunks and ganglia. 

THE LTINQ 

At the root of the lung the trachea divides into a primary bronchus for each 
lung. By repeated subdivisions — the earliest branches l)cing given off at acute 
angles, the later ones at more obtuse angles — the smaller bronchi finally end 
in minute terminal bronchioles which lead through the alveolar ducts to the 
pulmonary air sacs and alveoli. One may thus distinguish between primary, sec- 
ondary, and tertiary bronchi, and bronchioles. The mode of division for the main 
series of bronchi is monopodial, of the sntnllcr bronchi a mixed dichotomy and 
monopody.’ According to Picrsol the bronchioles are the branches of the fourth 
or fifth order. 

Bronxih 

The wall of tlic primary hronchi is similar in structure to tliat of the trachea, 
but in bronchial tubes which arc one or two 'divisions removed (secondaiy* and 
tertiary bronchi) from the primary bronchi the plates of cartilage are no longer 
C"shaped; and a complete lamina muscularis mucosae, internal to the cartilages, 
forms the outermost boundary of the mucous membrane. In such tubes— tjpical . 
bronchi— the wall, as in the trachea, comprises : a tunica mucosa, a tela submucosa 
and a cartilaginous coat, or adventitia. 

The mucosa, a continuation of tliat of the trachea, is clothed wth tall, col- 
umnar, pseuilostratified, ciliated epithelium which rests upon a distinct elastic 
basement membrane. The epithelium is thrown into wavy longitudinal folds. The 
lamina propria is extremely vascular; it possesses an abundant supply of thin- 
walled veins of small caliber, together with many lymph vessels. Its connective 
tissue forms a delicate fibrous reticulum in the meshes of which are many lym- 
phocytes. The outer portion of the lamina propria contains bundles of fine longi- 
tudinal elastic fibers, which form a complete layer about the tube. This elastic 
layer is thickest opposite the ridges and thinnest opposite the troughs of the epi- 
thelial waves. 

The outer boundary of the mucous membrane contains a welUdeveloped faiHiiio 
muscularis mucosae composed of interlacing bundles of circular smooth muscle 
fibers. This layer forms a complete muscular coat which is here and there pierced 
by the ducts of mucous glands whose secreting portions lie in the submucosa. 

The submucosa, by its broad-meshed areolar tissue, loosely unites the mucous 
membrane to the cartilage plates. This coat contains the larger blood vessels, 
nerves, and lymphatics which are distributed to the mucosa. It also contains the 


2 Wilier, igi3- 
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and there divides into the terminal so-called respiratory bronchioles (terminal 
bronchioles). 

The respiratory bronchiole bears alveoli which become more numerous toward 
its distal end. It thus contains a variable epithelial lining consisting proximally of 
a low columnar, sometimes ciliated, epithelium, with distally a more flattened iion- 
ciliated type, and in the alveoli a typical greatly flattened respiratory epithelium 
including non-nucleated plates. It has a diameter of 0.5 millimeter or less. The 
epithelium rests upon a thin fibromuscular coat, the continuation of the mucous 
membrane of the bronchioles. The muscle still forms an almost complete though 
very thin investment of circular fibers; the muscle fibers, however, are not con- 



Fig 301 — Diagram of Primary Lobule of Lung (Lung Unit). 

br, respiratory (terminal) bronchiole, dal, alveolar duct; a. atria, sal., alveolar or air 
sac; ap, pulmonary alveoli, art , pulmonary artery; v., pulmonary vein. (Miller.) 

tinned into the wall of the pulmonary air sacs. The clastic fibers, derived from the 
elastic layer of the bronchioles, pass over to the alveolar walls in which they 
form a delicate network. There are no goblet cells beyond the region of cilia. 

The respiratory bronchioles are short branching tubules leading to broader- 
spaces, the alveolar ducts (infundibula oi Scbultze), which arc surrounded by air 
saccules with pulmonary alveoli. According to Miller the alveolar ducts bear 
numerous alveoli, and are lined with flattened respiratory epithelium, and contain 
scattered bundles of smooth muscle which end in a delicate sphincter where the 
duct passes into the nonmuscular atria, from three to six for each alveolar duct. 
Each atrium, of more or less circular outline, opens into a variable number (two 
to five) of irregular and variable alveolar saccules (air sacs). Each saccule bears 
on its periphery numerous pulmonary alveoli. Tlie epithelium of the entire bron- 
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The cartilaginous coat i*s formed l>y a firm fibrous nicniljranc in which the car- 
tilages are embedded. The plates of hyaline cartilage vary mucli in number and 
size, being more or less highly developed in proportion to the size of the bronchial 
tube. They possess at all times a somewhat cre.sccntic shape. In the larger bronchi 
three or four cartilage plates with overlapping c<Igc.s encircle the entire tube. In 
the lower mammals, c.g., the pig, these ovcrhpping cartilages are so highly devel- 
oped that the plates often lie three or four deep; in man they arc rarely more than 
one or two deep. As the bronchi diminish in si/e hy (livi.sion, the cartilage plates 
are no longer of sufficient size to encircle completely the wall but leave broad 
intervals in wliicli this coat is only represented hy filjrous tissue. In tubes of a 
diameter of o.S to i milfimcter, broitcfttofcs, the cartilages disappear entirely, and 
in these or somewhat smaller bronchioles the mneous glands are, likewise, no 
longer found. According to Cutorc,® the cartilage plates of the intrapulmonary 
bronchi contain elastic fihers, and arc in fact true clastic cartilages. 

The outer surface of the cartilages is invested with a clothing of loose fibrous 
tissue of varying thickness — sometimes knoxvn as the outer fibrous coat — in which 
the branches of the pulmonary artery and veins and also many nerve trunks and 
ganglia are found. In the larger bronchi the two vessels, pulmonary artery and 
pulmonary vein, are found on opposite sides of the tulies. In tlic "bronchioles only 
one vessel, the artery, is in relation with the tube, tbe vein pursuing an independent 
course within the pulmonary tissue. 

Near the root of the fung many smaff f)T«ph nodes arc found in the outer 
fibrous coat. In the smaller bronchi tliesc arc represented by solitary nodules 
which, It is important to note, are always found in the fibrous connective tissue 
which forms the outer portion of the bronchial wall. The bronchial I>mph nodes 
and nodules are deeply pigmented, the volume of the pigment being dependent upon 
the age and occupation of the individual. It is apparently derived by absorption 
from the surface of the bronchi and is therefore absent in infancy, deficient in 
youth, abundant in adult life, and especially abumiant in those individuals whose 
occupations have necessitated the inhalation of a dusty atmosphere. 

The Bronchioles 

The bronchioles possess neither cartilage, mucous glands, nor lymph nodule-s. 
Their epithelium, though still ciliated, is low — short columnar, or, in the smaller 
bronchioles, cuboidal. The lamina propria mucosae contains many l)’mphocytes 
and the elastic tissue forms an almost complete layer of longitudinal elastic fibers. 

The muscularis mucosae is relatively more highly developed than in the larger 
bronchi ; it completely encircles the wall and is invested with an adventitious layer 
of fibrous tissue which contains the small arteries, nerves, lymphatics, a capillary 
plexus with elongated meshes, and occasional venules. 

The fibrous coat (adventitia) of the bronchiole here and there blends with 
the fibrous bands of interlobular tissue and is in contact with the adjacent pul- 
monary alveoli. Each bronchiole enters the apex of a pntnionary lobule (secondary) 


sCutore, 1914* 
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atom the alveolar duct that the capillary plexus, in the form of a. reticulated mem- 
brane of wide capillary vessels, is exposed to the air of two adjacent alveoli, being 
separated therefrom only by its own endotlieliuin and the epithelial lining of the 
alveolus. 

The lining epithelium of the alveoli, continuous through the alveolar ducts 



a, a small tertiary bronchus, b, bronchioles; c, bronchioles ending in terminal bronchioles, 
alveolar ducts, etc , cl. terminal bronchioles in transection, they have a more regular contour 
and thicker wall than the alveoli, e, pulmonary arteries; /, a bronchial artery; o, a bronchial 
vein; It, interlobular fibrous septum- Hematcin and eosin. Photo. Xfe. 

with that of the respiratory bronchioles, consists of flattened cells and broad pro- 
toplasmic non-nucleated plates. These cells are narrower and thicker (cubical) 
m the prenatal lung and when the lung is collapsed, broader and thinner when it is 
fully expanded. The completely expanded alveolus in full respiration is two to 
three times the size of the collapsed or retracted alveolus of full expiration (K61- 
liker). The elastic fibers of the alveolar wall form a delicate net among the capil- 
laries; in the meshes of this net a few rollagcnous fibers are found. The normal 
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chial tree, inchulm}; the inidcalwl respirator)' cells, contains ahuridant riiitochon- 
tlria.* 

Ogawa^ heVtcvcs (hat Mihers term atrium is not necessary in deserting the 
human lung. The alveolar ducts arc said lo divide two to lunc times to reach the 
air sacs. TIic uickIc of ilivisiou is tiolh dichotomous and monojx)dia1. The air sacs 
comprise from five lo twenty alveoli. 



Fic. J02 — From a Scertox of a Cmto's Ly.vc. 

B, bronchiole in transection, with its adjacent pulmonary artery, A; TB, bronchiole, ending 
in a terminal bronchiole, from which are derived the alveolar duct, I, the atrium. A, and the 
pulmonary alveoli, P A. In the center ot the figure a pulmonary alveolus, PA, « 5«n. in 
transection; many similar ones are shown Hematein and eostn. Photo. XJ05. 

The Polmonarv Alveoli 

The pulmonary alveoH are minute air chambers, open toward the alveolar ducts, 
whose extremely thin wall consists of a capillao’ network, a delicate fibro-elastic 
reticulum, and a continuous lining epithelium.* The alveoli are so densely clustered 


* iCeves and Tsukaguchi, 1914. 

»Oga\\ 3 . t 92 o- . ,, 

6 Bettsley, R- D and Bensley, S. H., 1935. 
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on the basis of a very thorough study of the subject concludes that “the pores arc 
normal constituents of the alveolar walls in the lungs of a wide variety of mammals 
including man.” 

Tiic Pleura 

The pleura is a serous membrane whose visceral layer (pleura pulmonalis) 
envelops the lung, and whose parietal layer (pleura costalis, diaphragmatis et 
mediastinalis) lines the thoracic cavity. 

The surface of the pleura is dollied udth a layer of mesothelium which rests 



Fig 305 — The Tiirfe Pulmonary Lodulfs Connected with a Terminal 
Bronchiole (XD) 

The middle lobule is stippled BR, bronchiole; RD, respiratory bronchiole of the first order* 
TB, respiratory bronchiole of the second order (terminal bronchiole) ; /, //, ///^ alveolar ducts* 
L 2, and 3 a, b, c and d, atria, As, alveolar sacs with pulmonary alveoli or air cells. (Adapted 
from Miller, J. Morphol , igi3. 20:4.) 

Upon a subserous layer of connective tissue. The mesothelium contains numerous 
“stomata” which in the costal pleura are only present over the intercostal spaces 
These stomata or pleural pores have been the subject of much discussion They 
have been regarded by some as giving direct entrance to lymphatics ; but Walters “ 


** Walters, 1913. 
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respiratory epithelium does not l>ccomc pliagocytlc.* The area covered hy the flat 
cells of tile pulmonary alveoli is opproxJiiiatcJy to 500 square meters (Carrel). 

An alveolar duct with tt.s atria, alveolar saccules, hJood vessels, lymph vcskls 
and nerves forms a iialiiral unit of structure, the primary y>i(h«o«ary lobule. 


Fic. 304 — ^From a Section or a Ciiiu>'s Long. 

A, atrium; B, bronchioles ending in terminal respiratory bronchioles, TB; PA. pulmonary 
artery; PV, pulmonary vein Hematcin and cosin. Photo. X50. 

Pores leading’ from one alveolus to another have been described, but Miller* 
denies their presence in the Jung of the cat, Ogawa ■ claims that alveolar pores 
occur normally in the lungs of many ntamnials. Miller regards these pores as 
pathologic structures. They are said to occur as secondary ruptures of the alveolar 
wall in pneumonia. Most recently Macfcitn ** has expressed his conviction that 
these pores ("pulmonic alveolar vents”) are “normal openings in the alveolar walls 
of Mammals, and that they quite probably subserve an important fu nction". LoosU ^ 

» Miller, igir. 

« Miller. 1914 
9 Ogawa, 1920. 

JO Miller, 1925 
iiMacklin, 1935- 
isLoosI), 1937- 





THE LUNG 


301 


on the basis of a ven- thorough study of the subject concludes that “the pores are 
normal constituents of the alveolar w'alls in the lungs of a wide variety of mammals 
including man.” 

The Pleura 

The pleura is a serous membrane whose visceral layer (pleura pulmonalis) 
envelops the lung, and whose parietal layer (pleura costalis, diaphragmatis et 
mediastinalis) lines the thoracic ca\nty. 

The surface of the pleura is clothed with a layer of mesothelium which rests 



Fig. 305.— Thr Turfe Pulmosakv I^iiules Connected with a Terminal 
Bronchiole (TB) 

The middle lobule is stippled BR, bronchiole; RD, respiratory bronchiole of the first order* 
TB, respiratory bronchiole of the second order (terminal bronchiole) ; I, II, HI, alveolar ducts* 
I, 2, and 3 a. b. c and d, atna, As, alveolar sacs with pulmonary alveoli or air cells fAdaoted’ 
from Miller, J Morphol., 1913, 20:4.) ‘ 


upon a subserous layer of connective tissue. The mesothelium contains numerous 
“stomata” which in the costal pleura are only present over the intercostal spaces 
These stomata or flriiral pores have been the subject of much discussion. They 
have been regarded by some as giving direct entrance to lymphatics; but Walters " 


Walters, 1913 
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has quite conclusively shown that they arc artifacts, an interpretation maintained 
also by Miller. 

The connective tissue contains an abundant network of clastic libers. It is 
loosely attached to the chest wall hut is more finnly united to the pulmonary tissue. 
Nonnally the pleura cojitains no lymph nodes (Miller). The fibro-clastic stroma 
of the parietal pleura contains a small amount of smooth muscle. 

The pleura contains many small htoo<l vessels and an abundant plexus of blood ■ 
and lymphatic capillaries. Its inncrv’ation includes both sympathetic and cerebral 
(vagus) fibers. Doth arc apparently uumyclmatcd. The sympathetic nerve filjcrs 
arc supplied to the walls of the blood vessels; they arc vasomotor in function. 
The vagus fibers arc sensory in nature, and terminate in lamellar corpuscles, and 
as free end fibrils. 

Tnn Lonutn or Titn Lung 

If carefully e.\amincd, the surface of the pulmonary pleura presents minute 
polygonal areas (lo to 25 nulHmctcrs in diameter), the bases of the anatoviJcal 

(or secondary) hbiilts, w Ijosc 
l>ordcr 5 mark the attachment of 
fine bands of interlobular eoniiec- 
five tissue, outlined by pigmented 
lines. In microscopical prepara* 
tions still finer bands may be 
found, which traverse the pulmo- 
nary tissue in the direction of the 
root of the lung, and which par- 
tially outline minute conical areas, 
the true pulmonary (or primar>’) 
lobules, or lung units, whose bases 

Fic 306. — Two Av/iau or a Child's Lunc. directed toward the pleura, 

In A. t1.= >.all is CM across nnd vioved in prof.Ic: 

D, a tangential section showing the cap-sliapcd bottom of tllC /ung. In many of tlie lower 
of the alveolus and the pulmonary epithelium m surface nianmials, c.g. ox, these primary 

view: c, a pulmonary venule. X425. , ’ 

' ' ^ ^ functional lobules are more dis- 

tinctly outlined by the interlobular connective tissue tlian is the case in these lobules 
in man. 

At the apex of the secondary lobule a small bronchiole (intralobular bron- 
chiole) enters and divides into its respiratory’ bronchioles (from 30 to 100). This 
secondarj’ pulmonary lobule consists of a collection of from 50 to 200 smaller 
histological units or primary pulmonary lobules. At the same point a terminal branch 
of the pulmonary artery enters with the bronchiole and supplies the anastomosing 
capillary plexus in the alveolar walls. Branches of the bronchial artery do not 
supply ®uy of the primary intralobular structures, and the pulmonary veins which 
return the blood from the alveolar capillaries arise at the periphery of the primary 
lobule and immediately enter the interlobular connective tissue. 
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The interlobular connective tissue contains the smaller branches of the pul- 
monary veins, the lymphatics returning from the pleura, and the unmyelinated 
nerve trunks which are destined for 
the supply of the pleura and the 
intralobular pulmonary tissue. 

Blood Supply of the Lungs 
The blood supply of the lungs is 
derived from two distinct sources, 
the pulmonary arteries and the bron- 
chial arteries. The former is destined 
chiefly for aeration in the capillaries 
of the alveolar walls, the latter for 
the nutrition of the bronchial walls. 

The pulmouary artery enters at 
the hilus in company with the vein 
and the bronchus. It follows the 
bronchus throughout its course an<l 
supplies an arterial branch to each 307-— Tfa.vsection of the Pleura of an 

of its subdivisions The large arter- I.nfant. 

ies nearly equal in size the bronchus "''rcHielium; b, submesothelial con- 

, , , , , nective tissue; c, pulmonary alveoli; d, a small 

in relation to uhich they he, but the blood vessel. Hematein and eosin Photo. X470. 
smaller branches are not more than 

one-fourth to one-fifth the diameter of their bronchus. Throughout their course 
the branches of the pulmonary arteries He on the wall of the bronchi, vis., in the 
outer fibrous coat or attached thereto by a broad band of fibrous tissue. More- 
over each bronchus is accompanied by only one branch of the pulmonary artery 
and receives no capillaries from it. 

At the apex of the secondarj- pulmonar>- lobule the pulmonary artery enters 
with the bronchiole It resolves into smaller arterioles corresponding in number 
approximately to the number of respiratory bronchioles, each of which again 

breaks into several small twigs — one for each atrium, according to Miller which 

supply the capillary networks in the walls of the alveolar ducts and alveoli. The 
pulmonary capillaries form an exceedingly dense net of anastomosing vessels in 
the walls of the alveoli, the meshes of the capillar)- net being frequently, in the 
deeper portions of the lung, of less diameter tlian the vessel itself. At the periphery 
of the lobule the capillaries converge to form several venules which unite to form 
larger veins in the interlobular tissue. These veins pursue an independent course 
and are always found at a considerable distance from the bronchioles and lobular 
branches of the pulmonary artery (see Fig. 301). 

The smaller branches of the pulmonary artery near the surface of the lun? 
supply arterial twigs to the adjacent portions of the pleura. From the capillaries 
oUhe pleura minute venules enter the interlobular tissue and join the interlobular 
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Tlic uilcrhbular veins (pulmonary’ veins) follow the filirous septa toward the 
hilus. Tiiey soon come into relation with the l)ronclji and arc llicn found on that 
side of the bronchus opposite the pulmonary artery. The vein, like the artery, lies 



Fjc. 308. — Wood's JIetai- Cast of Portiow or Secondary Looole or HoirAw Luxe. Showing 
Distal End of Bronciiiolf, a Respiratorv Bronchiole, Three Terminal Bros'chioles 
AND Several Alvtolar Ducts. 

The atria are hidden by the spheroidal air sacs on the surface of which appear the bulging: 
pulmonary alveoli (Hardesty) 

outside of the bronchial %vaH in the adjacent fibrous tissue. It is, as a nde, only 
those bronchi ivhose wall contains cartilage plates wliich are in relation with lioth 
pulmonary artery and vein; the smalier bronchioles are usually accompanied by 
the artery only. Those veins ivhtcli accompany the bronchi receive smaller radicles 
from the bronchial wall and by muon with their fellows form larger and larger 
vessels which finally make their exit as the pulmonary veins and pass to the left 
auricle of the heart. 

The bronchial arteries also follow the bronchial tubes in all their ramifications 
as far as the primary lobules. The bronchial arteries vary from two to four in 
number; they arise from the thoracic aorta. The right bronclual artery may arise 
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from the first right intercostal artery. The larger branches are found in the outer 
fibrous coat near tbe cartilages, the smaller ones lie in the submucous and mucous 
coats. 

In contradistinction to the pulmonary vessels the bronchial arteries are found 
hi the wall of the bronchi, not outside of the bronchial wall. They supply capillaries 
to all of tbe tissues of the bronchi. The bronchial capdlaries reunite to form small 
venules whose course differs with the size of the tube. In the terminal bronchioles 



Fic. 309 From the Lung of a Doc Whose Blood Vessels Had Been Injected with a 

Gelatinous Mass, and Appear Black. 

The outlines of the pulmonary alveoli and atria arc well shown. Many of the alveoli have 
been cut tangentially and present a surface view of the capillary network; in others the 
alveolar wall is cut across and is seen in profile. Xl25. 

these venules pass directly to the interlobular veins, and, according to Miller, the 
pulmonary veins receive a similar acquisition at each division of the bronchi. In 
the larger bronchi, however, the venules unite within the bronchial wall to fonn 
the radicles of the bronchial vein which, Ijdng in the fibrous tissue of the bronchial 
walls, retrace the course of the bronchi to the liilus, where they make their exit as 
the bronchial veins and join the azygos vein. Thus, only the ^\alls of the larger 
bronchial tubes are supplied with bronchial blood, and, according to Schaffer, a 
few branches at the root of the luntr are also distributed to the adjacent pleura. 
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Many of the bronchioles, the rcspiratoiy broncijiolcs, and also the alveolar ducts, 
pulmonary alveoli, and the pleura nil receive their nutrition from the pulmonar)’ 
arteries. Tiierc arc no anastomoses liclwccn the pulmonary arteries and veins 
except among the capillaries of the alveolar walls. The vasa vasorurn of the pul- 
monary artery arc supplied hy the hronclual arteries. 

The studies of Miller reveal tliat the hloo<l suj>ply of the pleura varies with 
different animals. “In the lungs which frosscss a thick pleura and have sccondar)' 



Fie 3JO — Schema of a Primary Lobole wmi Its Blood Vessels and LYMPtiAttcs, 

P., pleura, Br , bronchiolus rcspiratoriiis uhich dindes into two ductuli aivcolares (dal.), 
only one of which is earned out in detail; aaa, three atria, each of which has a number of 
sacculi alveolares {sal.) opening into it, around the periphery of which are the alveoli pulmonis, 
c. Alveoli are also connected with the bronchiolus respiratorius, ductulus aheolaris and the atria. 
A , pulmonary artery which divides into three atrial branches and each atrial branch divides 
into branches which are distributed to the sacculi alveolares, these latter branches give origin 
to the capillary network in the walls of the air spaces L., lymphatics; V., pulmonary vein and 
its branches of origin ; /, i, 3, 4, regions of origin of perivenous lymphatics. The bronchial 
artery does not extend as far as the primary lohtde; for the nerves, see fig. Jit (Miller.) 

lobules marked off by pronounced septa as in the lung of the ox, the sheep and 
man, the bronchial artery extends to the pleura and furnishes a spedal blood 
supply to the walls of the lj’/np?iatfcs. In those lungs which have a thin pleura 
as the lung of the cat, the dog and the rabbit, it is the pulmonary artery which 
supplies the pleura with blood.” . 


Miller, 1917. 
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Lymphatics 


The pulmonary lymphatics include peribronchial, periarterial, perivenous and 
pleural systems. They form a plexus in the walls of the bronchi and bronchioles, 


penetrating to the mucous membrane. Branches from this 
plexus frequently anastomose with perivascular lj*mphatic 
vessels about the branches of the pulmonary arterj’ and 
veins. A close network of lymphatic vessels is also found 
in the pleura, its efferent vessels passing into the inter- 
lobular tissue to join those vessels which accompany the 
veins. The pulmonary lymphatics are supplied with fre- 
quent valves and numerous anastomoses. At the atria the 
lymphatics pass to the interlobular septa so that the alveolar 
walls lack lymph vessels (Fig. 310). 

The lymphatic vessels of the bronchi are connected with 
larger lymphatic vessels of the outer fibrous coat and with 
the lymph nodules in the walls of the larger tubes. Many 
of the larger vessels in the outer fibrous coat of the 
bronchi, and also those which accompany the pulmonary 
artery, enter those lymph nodes which are in relation with 
the bronchial walls at the root of the lungs. The pleural 
lymphatic plexus and the vessels accompanying the pul- 
monary veins, after pursuing much of their course through 
the interlobular connective tissue in comi^ny with the pul- 
monary veins, also open into the bronchial lymph nodes. 
Much pigment is conveyed through these vessels and is 



deposited in (a) the interlobular connective tissue, (f>) the 
fibrous tissue about the pulmonary arteries, and most 
abundantly m (c) the bronchial lymph nodules and nodes. 


Fig 311.— The Brox- 

ClIIOLl AND THE AlR 

Spaces and the 
Ner%’es. 


In the lymphatics of the bronchi, arteries, main venous 
trunks and the greater part of the pleura, the flow of the 
lymph IS toward the hilus of the lung. In the lymphatics 
about the veins, the flow in those vessels which are situ- 
ated just beneath the pleura and communicate with the 
pleural rete of lymphatics may be toward the pleura. Ac- 
cording to Miller this probably explains why tubercles 
may be found in the pleura while none may be present in 


P.. pleura; sal, 
sacculi alveolares, a., 
atria, d.al , ductuli 
alveolares ; br. resp , 
bronchioli respiratorii , 
B , bronchiolus G S , 
ganglion cells; M, 
postganglionic fiber 
ending in smooth mus- 
cle, SN.E, afferent 


the deeper part of the lung, ending. (Bron- 

Lymphoid tissue forms an important constituent of the after nerves 

lungs, serving as filters in the lymph circulation and as Larsell, /. Comp. 

centers to which the phagocytes carry their collected male- 1922, 35:97.) 

rial. It occurs as nodes, nodules, or as smaller masses of more diffuse lymplioid 
t issue; it may be peribronchial, periarterial, perivenous or subpleur al in position. 

Miller, 1917 ^ 
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Lymph nodes arc associated with the larger divisions of the bronchi and located 
at the points of branching. The smaller masses arc found in greatest numbers at 
the periphery of the primary and secondary lobules.’*’ 

The lymph nodules and lymphoid tissue found along the bronchi in the human 
lung arc generally said to receive their blood supply from the bronchial arteries. 
In the rabbit, however, Miller ” finds tliat these masses of lymphoid tissue do not 
receive their blood supply from the hronchtaf arteries but from the pulmonaiy 
artery. Reference should he made to the Iwok on .The Lung by William Snow 
Miller (Charles C. Thomas, Springfield, III, 1937). 

NcRvr. Supply 

The nerves of the lungs arc dcrivetl from the anterior and posterior pulmonary 
plexuses of the sympathetic system. They arc distributed to the wall of the blood 
vessels, where they form a delicate plexus with terminal fibrils among the smooth 
muscle fibers, and to the walls of the bronchial tubes. Small ner\’e trunks, with 
which many minute ganglia are connected, occur in large numbers in the outer 
fibrous coat of the bronchi. 

From these nerve trunks and ganglia fibrils are distributed to the bronchial 
mucous membrane, in which they supply the muscularis mucosae, and form a ter- 
minal plexus beneath the epithelial coat. These fibers have been traced to the 
respiratory bronchioles, where they are said to form a delicate plexus within the 
lobule in the interalveolar walls.** Sensory fibrils arc supplied by the vagus nerve. 
The vagus contributes to the bronchi and their subdivisions also motor fibers, for 
the most part probably indirectly through the s>‘mpathetic ganglia. 

Megakarvocvtes ako Mast Cells 

Howell and Donahue'® present evidence, from studies chiefly of the cat. suggesting 
that the lung is an important accessory source of platelet production. Comparative 
counts of platelets in companion arteries and veins showed with few e-xceptions that 
arterial blood contains a larger number of platelets than venous blood. A typical ex- 
ample from their protocols is as follows: Carotid artery, 11,220,000 red blood cor- 
puscles, 333,000 platelets, ratio 1:33.6; jugular vein. 10,260,000 red blood corpuscles 
316,000 platelets, ratio i :32.i. Among a total of forty-four observations, thirty-four 
gave a higher count of platelets in the artery than in the vein, eight gave an equal count, 
two showed a higher count in tlie vein. Histological preparations of tlie lung of the 
cat contained many cells interpreted as megakaryocytes with pseudopods fragmenting 
into platelets. In some normal cases as many as 40 “megakaryocytes” appeared in an 
area of 100 sq mm. Under experimental conditions the number of giant cells in the 
lung might be at least four times as great They conclude that “in extrauterine life 
giant cells are concentrated in the marrow and the lungs, with the maximum of their 
activity m platelet production in the lungs.” Tliey consider the lungs rather than the 
marrow as the chief source of platelets. 

It may be emphasized, however, that the difference in the number of platelets in 


16 Miller, 1911. 
IT Miller, 1917. 
I* Wolff, 19 
19 Howell, \ 
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arterial and venous blood was generally small; the difference in the ratio of platelets 
to red blood corpuscles in artery and companion vein was in the majority of samples 
so small as to seem without significance Furthermore, the difference in tiie number 
of platelets in arterial and \enous blood might be the result of a difference in the degree 
of pressure; in the more slowly moving \enous blood as compared with relative!)’ more 
rapully flowing arterial blood the Telati\cly adhesive platelets would tend to cohere in 
larger mmihers on the ^essel wall when samples of blood are withdrawn for examina- 
tion. One must also consider tlie possibility that larger platelets of venous blood may 
fragment into smaller platelets m passing through the capillary mesh of the lungs; 
it is well known that the venous sinuses of tlie red marrow contain a relatively large 
number of larger platelets. 

As regards histological preparations of tlie lung, it must be stated that while 
megakar) ocytes with typical "basket” nucleus are clearly recognizable in routine prepara- 
tions of marrow, fetal liver, Ijmph nodes and the spleen, such cells are only rarely 
to be seen in the normal lung Typical megakaryocytes may appear in the blood and the 
lungs in certain leukemias. Naked and degenerate megakaryocyte nuclei, sometimes in 
considerable numbers, can readily be seen in the aheolar capillaries in many routine 
preparations of normal lungs. The possibility remains that such nuclei, liaving tem- 
porarily stenosed a capillary and thus giving opportunity for platelets of various sizes 
to collect and cohere, might simulate giant cells in the process of platelet production. 

Many of the apparently naked megakaryocyte nuclei have persistent fragments of 
the original granular cytoplasm. Such cytoplasmic projections provide favorable sur- 
faces for the adhesion of circulating platelets. Moreover, since megakaryocyte nuclei 
with portions of the original cytosome may enter the blood stream from the venous 
sinuses of the bone marrow, it is quite possible that relatively normal megakaryocytes 
also may occasionally secure admission to the prepulmonary circulation. In sections of 
the lungs of the cat, megakaryocyte nuclei with variable amounts of granular cytoplasm 
occurred m each of the several subdivisions of the pulmonary artery as well as in the 
alveolar capillaries. An example of an apparently normal megakaryocyte with several 
long granular pseiidopods could be demonstrated in the pulmonary artery accompanying 
a tertiary bronchus. 

It seems clear that the megakaryocytes of the lung originate in the bone marrow. 
Tile first capillary mesh encountered is in the lung. Tlie lung serves as a filter for 
circulating megakaryocytes, naked giant-cell nuclei and giant platelets which may have 
entered the venous sinuses of the marrow. The lung is not properly considered an organ 
of origin of megakaryocytes. While the megak'aryocyte nuclei of tlie lung with per- 
sistent portions of the original granular cytoplasm may contribute a modicum of 
platelets, the total histologic evidence, including especially that of the presence of 
occasional megakaryocytes and naked nuclei in the pulmonary arteries, renders dubious 
the claim that tlie lung is normally a seat of megakaryocyte origin and an important 
organ of platelet production. 

The lung contains also large numbers of mast cells. These are especially abundant 
in the peribronchial, perivascular and the subpleural regions. The mast cells may have 
long processes These are filled with fine granules which take a reddish purple color 
with Wright’s stain. The processes may extend into the smaller blood vessels and 
segment into plastids very similar to blood platelets. If the mast cells function as pro- 
ducers of heparin, as claimed by Holmgren and Wilander,"® then the richness of the 
lung in these cells would explain its high content of heparin. 


Holmgren, P and O Wilander, 193^ 
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THE DIGESTIVE SYSTEM 

The digestive system includes the cavities of tlic mouth, pharynx, esophagus, 
stomach and intestines, together with Uic accessory glands — the salivarj’ glands, 
pancreas and liver. Associated with the mouth and coojXirating in the function 
of the essential organs of digestion arc also the teeth and the tongue. 

THE MOUTH 

The walls of the oral cavity comprise a mucous membrane, a submucous layer 
of connective tissue, and a muscular or hony paries. 

Mucous Membrane. — The mucous membrane { nuicosa) is clothed with a layer 
of stratified squamous epithelium which presents, at the margin of the lips, a 
gradual transition to the epidermis of the skin, and at the fauces is continuous 
with the lining epithelium of the faucial isthmus and the pharjmx. The epithelium 
rests upon a distinct basement membrane (membraiia f'rof'ria). 

Xamiua Propria. — The lamina propria (corium, stratum proprium) upon 
which the epithelium rests, consists of dense areolar tissue, the superficial portion 
of which specially abounds in clastic fibers. This portion of the corium consists 
of rather delicate connective tissue bundles which at frequent intervals are pro- 
longed into the epithelial coat iu the form of mmute_ conical papillae, similar to 
those of the skin, whose height varies with the location. The tallest papillae are 
found on the gums and at the margins of the lips, the lowest on the inner surface 
of the cheeks and the soft palate. 

The papillary layer of the corium contains a plexus of capillary blood vessels 
which is connected with a network of small arteries and veins in the deeper part 
of the lamina propria 

Submucosa. — -The submucosa consists of looser connective tissue which blends 
insensibly with that of the mucosa, and unites the mucous membrane to the sub- 
jacent muscles and bones forming the wall of the oral cavity. In most portions 
the buccal mucous membrane is but loosely connected with the underlying parts, 
but in the hard palate and the gums this tinion is very firm. 

Lymphoid Tissue. — Lymphoid tissue occurs in considerable abundance in the 
oral mucous membrane. Areas of diffuse lymphoid tissue are of frequent occur- 
rence and small lymph nodules are occasionally found. The lymphatic vessels form 
a plexus in the lamina propria, which empties into the larger vessels in the sub- 
mucosa. 
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Secreting Glands. — Secreting glands occur in considerable abundance in all 
portions of the buccal mucous membrane except that covering the gums. The 
glands are of the tubulo-acinose type and produce either a pure mucous secretion 
or, in the case of the larger ones, a mixed mucous and serous secretion. The 
ducts-of the glands are lined with columnar cells which, near the mouth of the 
duct, offer a gradual transition to the stratified squamous epithelium of the 
mucosa. The glandular epithelial cells of the secreting portions become swollen and 



Fig 312 — From a Section xiiROucn the Lip op an Infant. 

a, cutaneous surface, fc, epithelium of the oral mucosa; c, layer of striated muscle; d, layer 
of mucous glands Photo Xio. 

clear after a period of rest, but are shrunken and present a faint q-toplasmic 
reticulum after activity. The different glands of the same region, and even different 
cells in the same gland, often exhibit \’arious stages of secretory activity. The 
fundus of the secreting glands frequently extends into the loose connective tissue 
of the submucosa At the margin of the lips and more rarely in the neighbonng 
portions of the buccal mucous membrane are small sebaceous glands which open 
directly upon the free surface. Thfe oral glands will be further described below 
under salivary glands. 



CHAPTER XIII 


THE DIGESTIVE SYSTEM 

The digestive system includes the cavities of the mouth, pharynx, esophagus, 
stomach and intestines, together with the accessory glands— the salivar>' glands, 
pancreas and Hver. Associated with the mouth and cooj)crating in the function 
of the essential organs of digestion arc also the teeth and the tongue. 

THE MOUTH 

The Walls of the oral cavity comprise a mucous membrane, a submucous layer 
of connective tissue, and a muscular or bony paries. 

Mucous Membrane. — ^The mucous membrane (mucosa) is clothed with a lajcr 
of stratified squamous epithelium which presents, at the margin of the lips, a 
gradual transition to the epidermis of the skin, and at the fauces is continuous 
with the lining epithelium of the faucial isthmus and the pharynx. The epithelium 
rests upon a distinct basement membrane (iiicmbraua propria). 

Lamina Propria, — ^The lamina propria (coriuni, stratum propn'um) upon 
which the epithelium rests, consists of dense areolar tissue, the superficial portion 
of which specially abounds in elastic fillers. This portion of the corium consists 
of rather delicate connective tissue bundles which at frequent inten-’als are pro- 
longed into the epithelial coat in the form of minute conical papillae, similar to 
those of the skin, whose height v-aries with the location The tallest papillae are 
found on the gums and at the margins of the lips, the lowest on the inner surface 
of the cheeks and the soft palate. 

The papillary layer of the corium contains a plexus of capillary blood vessels 
which IS connected with a network of small arteries and veins in the deeper part 
of the lamina propria. 

Submucosa.— The submucosa consists of looser connective tissue which blends 
insensibly with that of the mucosa, and unites the mucous membrane to the sub- 
jacent muscles and bones forming the wall of the oral cavity. In most portions 
the buccal mucous membrane is but loosely connected with the underlying parts, 
but in the hard palate and the gums this tmion js very firm. 

Lymphoid Tissue. — Lymphoid tissue occurs in considerable abundance in' the 
oral mucous membrane. Areas of diffuse liinphoid tissue are of frequent occur- 
rence and small lymph nodules are occasionally found The lymphatic vessels form 
a plexus in the lamina propna, which empties into the larger vessels in the sub- 
mucosa. 

310 
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The slightly constricted border between the root and the crown, which is sur- 
rounded by the soft tissues of the gum, is known as the neck of the tooth. 

The tooth consists of a superficial calcareous portion and a central medulla, 
the dental or pulp cavity, which occupies the axis of the tooth and w’hich contains 
a peculiar embryonal type of connective tissue, very similar to reticular tissue, 
the dental pulp. At the tip of each fang is an opening, the foramen apicis dcufis, 
leading to a narrow canal which penetrates the wall of the tooth and permits the 
entrance of the nerves and blood vessels which supply the pulp. 

The calcareous wall of the tooth is formed by three distinct tissues; dentin or 
ivory, enamel and cemcnhim. The dentin incloses the entire pulp cavity and is in 
turn covered by the enamel and cementum, tlic enamel fonning the superficial 
la^er of the crown, the cementum that of the root of tlie tooth. 

Dental Pulp. — The dental pulp is an embryonal type of connective tissue which 
IS rich in branching stellate cells and i>oor in fibers. It contains no clastic filirils, and 
the delicate collagenous fibers instead of 
forming bundles are arranged in an inter- 
lacing network, tlie fine fibrils of which are 
in intimate relation with the connective 
tissue cells. It accordingly closely resem- 
bles reticular connective tissue. The stel- 
late connective tissue cells are scattered 
throughout the entire pulp, but at the per- 
iphery of the cavity are closely crowded 
and are much enlarged. These peripheral 
cells form a layer of odontoblasts which 
is in coptact with the dentin. 

The odontoblasts are cylindrical 
branched connective tissue cells whose 
long axis (about 40 /.t) is perpendicular to 
the surface of the adjacent dentin. From 
their apex a delicate process is sent into 
the dentinal canals, in which they fre- 
quently extend all the way through the 
dentin. Lateral processes from the cell 
bodies of the odontoblasts interlace with 
each other and firmly unite the cells into 
a membranous layer. Other processes are given off from the base of these cells and 
intermingle with the fibers of the pnip, so that if this tissue is forcibly separated 
from the dentin the odontoblasts remain adherent to the connective tissue of the 
pulp The nuclei of the odontoblasts are found near their inner or basal e.xtremitv 
Their cytoplasm is oi considerable extent as compared with that of the other 
connective tissue cells of the pulp. 

The dental pulp is richly supplied with blood vessels, derived from a ntitrie 
artery which enters through the root canal, its several branches forming a net- 
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Fic. 3J3 — Axtal Sktiox or a Homan Afc>i.AR Toorn. 

C. cementum; D, dentin, P, pulp cavity; S, enamel. X 8 . (Sobotu.) 


THE TEETH 
Structure 

Each tooth rests in a bony socket in the alveolar process of the maxillary 
bone, and is also held in place by the periosteum of the alveolar sac and the adja- 
cent portion of the gum. The tooth is divisible into a free portion or crozcit, and 
a concealed portion or roof which usually consists of from one to three fattgs. 
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The slightly constricted border between the root and the crown, which is sur- 
rounded by the soft tissues of the gum, is known as the neck of the tooth. 

The tooth consists of a superficial calcareous portion and a central medulla, 
the denial or pii!/> eaz'iiy, winch occupies the axis of tl)e tootli and which contains 
a peculiar embryonal type of connective tissue, very similar to reticular tissue, 
the denial pulp. At the tip of each fang is an opening, the foramen apicis dentis, 
leading to a narrow canal which penetrates the wall of the tooth and permits the 
entrance of the nerves and blood vessels which supply the pulp. 

The calcareous wall of the tooth is formed by three distinct tissues : dentin or 
ivory, cna]nel and cementum. The dentin incloses the entire pulp cavity and is in 
turn covered by the enamel and cenientiini, the enamel forming the superficial 
layer of the crown, the cementum that of the root of the tooth. 

Dental Pulp. — The dental pulp is an cmbrj’onal type of connective tissue which 
is rich in branching stellate cells and i>oor in fibers It contains no elastic fibrils, and 


the delicate collagenous fibers instead of 
forming bundles are arranged in an inter- 
lacing network, the fine fibrils of wliich arc 
ni intimate relation with the connective 
tissue cells. It accordingl) closely resem- 
bles reticular connective tissue The stel- 
late connective tissue cells are scattered 
throughout the entire pulp, but at the per- 
iphery of the cavity are closely crowded 
and are much enlarged These peripheral 
cells form a layer of odontoblasts which 
IS in coptact with the dentin 

The odontoblasts are cylindrical 
branched connective tissue cells whose 
long axis (about 40 /i) is perpendicular to 
the surface of the adjacent dentm From 
their apex a delicate process is sent into 
the dentinal canals, in which they fre- 
quently extend all the way through the 
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bodies of the odontoblasts interlace with Tooth, Shovvis-c the Several Stripes of 
each other and firmly unite the cells into Dentin and the Enamel. 


a membranous layer. Other proeesscs are given off from the base of these cells and 
intermingle with the fibers of the pulp, so that if this tissue is forcibly separated 
from the dentin the odontoblasts remain adherent to the connective tissue of the 
pulp The nuclei of the odontoblasts are found near their inner or basal extremity 
Their cytoplasm Is of considerable extent as compared with that of the other 
connective tissue cells of the pulp. 


The dental pulp is richly supplied wth blood 
artery which enters through the root canal, its 


vessels, derived from a nutrient 
several branches forming a net- 
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work of minute arterioles ami capillary vessels in llic center of the pulp cavity, 
am! a peripheral closc-mcslied cajnllary nclieork which is in close relation with 
the layer oi odontohlasls. Numerous delicate lympitatic vessels, uniting to leave 



Fig. 315. — Fbom a Loucitudinal Section of the Neck of a Child's Tooth and the 
Adjacent Alveolus. 

a, enamel; b, ccmentuni. c, dentin, d, bone; e, periosteum; f, corium; g, lymphoid tissue; 
h, sltatsfied squamous epithelium o! the gum; t, circular dental ligament; k, epithelial remnants; 
I, blood vessels. X25. (Kdlliker.) 

the root as one or several large vessels, Iiave been demonstrated in the tissue of 
the dental pulp.' 

A rich nerve supply is derived from fine branches which also enter by the root 
canal. Alost of the nerve fibers lose tlieir myelin sheaths soon after they enter 
the pulp. The)’ form a primary plexus in the connective tissue from which fine 


Schweitzer, 1907- 
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fibers pass to the periphery' and fomi a marginal plexus beneath the odontoblasts. 
From here delicate terminal sensory fibrils ramify over the odontoblasts and pass 
in great abundance into the dentinal tubules, usually two to each tubule.* This 
peripheral distribution of nerve fibrils explains the extreme sensitiveness of the 
dentin. Sympathetic fibers supply the muscle cells of the pulp arterioles. 

Dentin. — ^The dentin surrounds the entire pulp cavity except at the opening 
of the root canal. It is a fine calcareous substance which resembles bone in that if 
consists of a collagenous fibrous matrix and is infiltrated with lime salts. The 
matrix is a fine fibrous network of dense connective tissue, the majority of whose 
filers are disposed in a longitudinal direction. The meshes of the matrix are almost 
completely filled by a deposit of calcareous salts which gives the dentin its bony 



Fig. 316— From a Section of a Human Tooth Which Had Bee.s' Ground to 
Extreme Thinness. 

a. dentin; b. granular layer of Tomes; c, enamel. Photo. X150. 


consistence. Dentin consists of about 28 per cent organic and 72 per cent earthy 
matter. The latter includes calcium phosphate, about 67 per cent; calcium car- 
bonate, about 3 per cent; and magnesium phosphate, with a trace of calcium 
fluoride. 

Here and there, especially toward its peripheral border and near the apex of 
the tooth, the dentinal matrix fails to become calcified. Such uncalcified areas, 
iutcrglobular spaces, are encroached upon by the rounded or globular margins of 
the adjacent calcified matrix which forms the so-called dentinal globules. 

The dentin is everywhere permeated by a system of canaliculi, the dentinal 
tubules or canals, which extend in a radial manner from the pulp cavity outward 
to the cementum and enamel. Their course is characteristically curved, resembling 
the letter s. The cavity of the dentinal tubules is partially occupied by the dentinal 
processes (fibers) of the odontoblasts, an arrangement which may be compared 
to that existing between the processes of the bone cells and the canaliculi of bone 
At their inner extremity the dentinal tubules are a to 4 in diameter but they 
taper very gradually, especially in the outer portion of their course, yvhere they 
finally reach a diameter of no more than 0.5 to I /i. ^ 


■ Mummery, 1912 
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Tlic dentinal lulnilcs may divide tUcholomously in tht inner third of their 
course; beyond this point they give off very fine lateral twigs, which at first leave 
the parent tubule nearly at right angles, but later arc slightly inclined outward. 

At their distal end most of the dentinal tubules 
divide into a group of terminal branches, some of 
the ar()ori:ui(ions being very extensive, others con- 
sisting of hut two or three sulxlivislons. The 
coarser hraiiclics arc frequently looped, the distal 
end of the loop often anastomosing with adjacent 
tubules. Ill their course through the dentin those 
cntialiculi which enter the larger interglohular 
spaces arc cuntimied through these sjuccs without 
interruption. The 
walls of the dentinal 
tnhnles arc formed 
hy extremely ilcnsc 
calcareous dentinal 
sheaths (of Neu- 
mann) ttiilch arc 
very resistant to the 
action of acids. 

The curvatures 
in the course of the 
dentinal tuliulcs arc 
of two types: the 
longer primary 
curves and the 
shorter spiral sec- 
ondary curves. They 
occur witli extreme 
regularity and as a 
result give rise • to 
certain parallel lines 
in the substance , of 
the dentin which 

follow the contour of the dentinal surface. These are known as the increineitial lines 
of Schreger. A second system of dentinal striae, visible in ground sections of tooth 
under low magnification, are the contour lines of Given {arched incremental lines 
of Salter). They run nearly parallel to the lines of Sclireger in the crown and 
toward the tip of the root, but elsewhere cut these lines at wide angles (Fig. 3^4)* 
They represent lines of defective caldfication between successively deposited layers 
of*dentin 

The superficial portion of the dentin is formed by the granular layer of 
Tomes in which there are no dentinal tubules, but instead there are in this layer 



Fio. 318 — Dentix from a 
Ground Sfctio.n of a Hu- 
man AtOLAR, SffOlVI.VC rtiB 
Dentinal Tubules Cut 
Across. 

The tubules appear as dark- 
round or oval areas in the den- 
tinal matrix Each tubule is 
surrounded by a narrow lighter 
halo, corresponding to the 
sheath of the tubule, perhaps 
an optical effect X750. 



Fig. 317. — Section of Fang Par- 
allel TO TiiF. Dentinal Tu- 
BULF,s, Human Canine (Wal- 

DEYER.) 

I, cementum, with large lacunae, 
canaliculi and indications of lam- 
ellae; 2, granular layer of Tomes 
with large interglobular spaces, 3, 
dentinal tubules. X300. (From 
Quam, Anatomy) 
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numerous small interglobular spaces from which minute canaliculi radiate in 
various directions. Many of these canaliculi are connected, on the one hand with 
the dentinal tubules, and on the other with the canaliculi and bony lacunae of the 
cenicntum. The canaliculi of the granular lajcr arc readily distinguished from 
the adjacent dentinal tubules by the extreme irregularity of their course, which 
contrasts sharply with the straight or regularly curved course of the dentinal 
tubules. 

The granular layer is relatively thick in the root of the tooth, but becomes 
much thinner toward the neck. Beneath the enamel it becomes so thin that toward 
the apex of the tooth it is scarcely demonstrable. At this point also, occasional 
dentinal tubules are continued for a short distance into the enamel, though this 
condition is more characteristically developed in some of the lower mammals (c.j?., 
Rodentia) than in man. 

Enamel. — The enamel, which covers the exposed crown of the tooth, is the 
hardest tissue of the body. About 90 per cent of its earthy matter is calcium 


phosphate ; about 4 per cent is calcium carbonate ; less than 5 per 
cent of its substance consists of organic matter. It contains a 
slightly larger trace of calcium fluoride than dentin. 

Its unit of structure is a calcareous cylinder, the enamel 
prism. These prisms or “fibers” radiate outward from the dentin 
and are disposed after the manner of a mosaic. They are firmly 
united to each other by a very thin layer of calcified interpris- 
matic cement substance They represent calcified columnar ecto- 
dermal cells. 



Fig. 3ip— E namel 
Prisms in Tran- 
section. 


In transverse section the enamel prisms have a polygonal, 
frequently quite regular hexagonal, outline. In certain bundles, 
especially toward the periphery, the prisms have the shape in 


From the tootli of 
a calf. X350 (Kol- 
liker.) 


transverse outline of stout crescents. In longitudinal view the prisms present a 
slightly beaded appearance, the constricted portions being darker and delicately 
cross-striped. This peculiar structure and optical condition results from the manner 


of the formation of the prisms by the deposition of successive globules of preenamel 
substance, subsequently becoming calcified to form definitive enamel. The enamel 


cement exhibits a reciprocal beading The striped and beaded character of the 
enamel prisms is specially conspiaious in the teeth of rodents 


Since the external surface of the enamel is greater than the internal and 
since the enamel prisms are of approximately uniform diameter throughout, 'addi- 
tional shorter prisms, pointed at their inner end, are interpolated toward the 
surface. Such “supplementary prisms” have been described by various investi- 
gators, including Tomes {’14) and No>es and Thomas (’21). von Ebner (’ooj 
and Pickenll’ have denied their occurrence. Pickerill gives the average proximal 
diameter of the enamel prisms as 3.1 microns, the average distal diameter as 
57 microns. The most recent study in this field has been done by Chase • He 


‘Chase, 1924 
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found no evidence of supplementary prisms in lutman dental enamel. He stales 
that the increase in tlic surface of the enamel is accomplished almost entirely 
by increase in diameter of the prisms; a verj* minor factor in the increase of 
surface is due to the fact that some of the prisms meet the outer surface obliquely. 
The inlcrprismatic substance is said to play no part in the increase of surface; 

and all the prisms in liuman tienta! enamel extend througli the 
entire thickness of (he enamel. Each prism is the product of a 
single amcloblast. 

The enamel prisms arc grouped into bundles within which 
the constituent prisms arc parallel. The course of the prism 
bundles, however, is variable, so that, though following a more 
or less radial course through (he enamel, the prism bundles fre- 
quently cross one another at acute angles. In axial longitudinal 
sections of ground tooth this crossed arrangement of the prism 
bundles produces the appearance of radially disposed alternating 
dark and light bamls. nus banding is seen under low magnt- 
fication, and is cspcci.illy conspicuous in reflected light; it is due 
to the difTcrcncc with which the groups of transt-erse and longi- 
tuduially cut enamel prisms rcncct the rays of light. The dark 
tiands are known as the radial lines, or the prism stripes of 
Schregcr. 

Ground sections of dried tooth show also brownish lines in 
the enamel having an amngement approximately parallel with 
the surfaces of the tooth. These contour lines of Retzius are 
explained by von Ebner as the result of air-filled fissures in the 
dried enamel. They arc also said to be the result of the wavj' 
direction of tlic enamel prisms. They are most probably caused 
by imperfect calcification, marking growth stages in the develop- 
ment of the enamel. 

Oementum. — Tlie dental ceuienf, or ernsta petrosa, is a thin 
la^er of bony tissue which invests the root of the tooth. It 
forms a very thin lajer at the neck of the tooth, but gradually increases in thick- 
ness as it approaches the tip of the fang. 

The cementum consists of parallel layers of bony lamellae beUveen >vhich many 
lacunae with their bone corpuscles are included. Bone canaliculi radiate from the 
lacunae and frequently open into the interglobular spaces of the granular layer. 
There are no Haversian systems in the cementum, but the thicker portions are 
frequently penetrated by vascular canals which, like Volkmann’s canals, are not 
accompanied by concentric lamellae. The cementum is firmly united to the granular 
layer of the dentin, the matrix of the two tissues being continuous. 

The cementum is invested with a periosteal coat, the periodontium, perice- 
vicnlinn. alveolar periosteum, or root {peridental) membrane, of dense fibrous 
tissue. At the neck of the tooth it unites with the dense connective tissue of the gum 
to form an annular thickening of very d«ise fibrous tissue which encircles the 
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Fig. 321.— From a Section of a Human Tooth Which Had Been Ground to Extreme 
Thinness. 

a, (lentm ; 0. granular layer of Tonics , c, cementum. Photo. X 140. 

the tooth to the alveolar wall. They arc analogous to the perforating fibers of 
Sharpey which bind the periosteum to the osseous lamellae. 


Develop.ment 

The teeth arise in part from the ectodermal epithelium of the oral cavity and 
in part from the mesenchyma of the alveolar processes. In the seventh week of 
fetal life there appears upon the surface of the maxillary ridges a thickening of 
the epithelium which grows into the subjacent mesenchyma in the form of a longi- 
tudinal plate or shelf, the labiodental strand, whose position is indicated superfi- 
cially by a dental groove which indents the epithelial surface of the primitive gum. 
The labiodental strand divides at its deeper border into a nearly vertical continua- 
tion, the labial lamina, which subsequently becomes hollow to form the labio- 
gingival groove ; and a horizontal inwardly directed shelf, the dental lamina, which 
forms the earliest primordium of the enamel, the enamel organ. 

At the beginning of the third month the dental shelf shows upon its deep 
margin a series of shallow inverted cups, one for each of the temporary teeth, 
produced by an up-pushing of a corresponding series of cone-shaped areas of con- 
densing mesenchyma at the site of each tooth germ. Each mesenchymal thicken- 
ing forms the primordium of a dental papilla. That portion of the dental shelf 
which spreads out laterally to cover the dental papilla of each tooth forms its 
enamel germ, from which the dental enamel is eventually produced. Further 
development of the enamel germ and dental papilla causes the former to sur- 
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round the papilla like a cap. Figures 322 and 323 show four stages in the early 
development of a tooth. 

During the third month of fetal life the primordia of all primitive (deciduout, 
milk, or temporary) teeth arc formed in the above manner. At about the same 
time, also, a posterior growth upon the lingual side of the thin portion of the 
dental shelf which still connects the enamel germs with the oral epithelium, forms 
the primordia of twenty of tlic permanent teeth. The twelve additional permanent 



* f/'/C 

Fig. 322 — DEVFioPiNC Tooth from a Homan Emdrvo 17 Millimeters Long. 

LF, dental groove; M, oral cavjly; OK, mcsobtast of upper Jaw; UK, pnmordium of lower 
jaw; OL, epitliellum of the primitive upper lip, and UL, of the lower Up; ZL, dental lamina 
(labiodental strand). X120. (Rose.) 


molars arise at a later period and in a similar manner by a dorsal extension of the 
dental lamina which grows backward through the connective tissue of the alveo- 
lar process as a solid cell column from which the enamel germs are formed and 
into which the dental papillae grow. 

Further development of the dental primordium includes the differentiation of 
the enamel germ on the one hand and of the dental papilla on the other. From 
the former the enamel and the cuticitlar epithelial membrane arise; the latter pro- 
duces the dental pulp and the dentin. 
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Enamel Germ.— The enamel germ or enamel organ soon differentiates into 
three lajers: an inner enamel cpitheliam which forms the enamel prisms, an outer 
enamel epilhelium which lines the dental sac and an intervening enamel pulp. 

Inner Enamel Epithelium.— The innermost cells of the enamel organ, vie., 
those which rest directly upon the dental papilla, soon become elongated and attain 



Pic 323 — Dental Primordia from a Human Fetus 40 Millimeters Long. 

Letters as in the preceding figure. LPL. labial lamina, or primordium of the groove between 
the lip and the mandibular process, Pp, dental papilla, Z, outline of the margin of the tongue; 
ZL, dental lamina X60 (Rose.) 

a cylindrical form. The nucleus moves toward the distal pole, and the original 
basal end becomes modified to take on the characteristics of the distal end of a 
columnar cell. A cuticular border appears upon the inner (originally basal) 
extremities, and as the calcareous substance of the enamel begins to be deposited 
fine processes are seen extending inward from the extremities of the enamel cells, 
Tomc^ processes. It is around these processes that the permanent enamel is 
deposited first in the form of globules, which become calcified and meanwhile fuse 
to form the enamel prisms.® 


* Chase, 1932 
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The deposit of lime salts by the cylindrical cells of the inner enamel layer, 
amthblasis (adamanloblasts), occurs earliest at the apex of the dental germ! 
Thus it is the enamel of the face of the tooth crown w’hich is first formed, and 
this is therefore its thickest portion. The enamel on the sides of the tooth crown 
appears later and hence it gradually tapers in thickness as it approaches the neck 
of the tooth, h o’hich latter pl.acc file last /omied cnatticf is found. 



Fic. 324 — DEVTiopiNC Tooth from a Human Fctos 30 CE.vnMEtras Long. 

D, dentin; K, bone of the jaw, JJM, genninal layer of the oral mucosa? 5 '. enamel? SK, 
enamel primordium of tlie permanent tooth : yii, epithetiat bridge slid uniting the primordia of 
the temporary and permanent tcetli; ZL, disintegrating dental lamina; SP, enamel pulp X30. 
(Rose ) 

The nucleated bases (originally apices) of the cylindrical cells of the inner 
enamel epithelium arc also tnarked by a sliarp cuticular margin and rest upon 
the adjacent cells of the enamel pulp, the innermost cells of which retain a charac- 
teristic epithelial appearance, and comprise the j/rofni» iniermedium. The tiun 
layer formed by the uncalcified bases of tlie adamanloblasts, which still cover the 
free surface of the enamel at the eruption of the tooth, remains as the highly 
cornified dental cudetdar wembrane (of Nasmyth). This is soon lost by reason 
of mechanical wear. 

According to Chase's* interpretation the Nasmyth’s membrane, in its most con> 


Chase, 1926. 
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plete form, is derived from remains of the entire enamel organ excepting the 
enamel pulp, together with overlying layers of cells from the gingival epithelium. 
He divides this membrane into two portions; an inner pellicle, which is formed 


6 



Fic. 325 — A Developing Tooth from an Infant’s Jaw. 
a, papilla; b, c^o\^n, c, outer enamel epithelium. Hematein and eosin. Photo. X65. 

from the fused modified cuticular borders of the ameloblasts ; and an outer cellular 
portion. The latter is said to comprise the remains of the enamel organ and cells 
from the gingival epithelium. 

Outer Eiiawcl Epitlichujii . — The outermost cells of the enamel germ are imme- 
diately in contact with the mesenchyma of the primitive jaw. This connective tissue 



THE DIGESTIVE SYSTEM 


324 


forms, toward the end of the third i 
sac, which incloses the entire dental g 
the narrow neck which still connects 



Fio 326— A PoRTiov OF Figure 325. Near 
THE Apfx of the Developing Tooth. 
a, enamel pulp; b, amo/oWasU; e, enamel; 
a, dentin; c, odontoblasts; /, border of the 
dental pulp Between the formed enamel and 
the ameloblasts, Tomes’ processes can be 
seen. X550. 

sues, are never except in the case of 


nonth, a vascular investing sheath or denfd 
cmi. Finally, hy gradually encroaching upon 
tlic enamel germ with the dental lamina, it 
severs the connection of these organs so 
that the primitive tooth lies free within 
the dental sac. The otitcr enamel epithe- 
lium, which lines all portions of the dental 
sac except at the base of the dental papilla, 
forms several layers of flattened epithelial 
cells. Remnants of this cell layer fre- 
quently persist,' in relation to the inner 
margin of the bony alveolus whose wall 
is jiroduccd by intramembranous ossifica- 
tion in the connective tissue surrounding 
the embryonic dental sac. 

Biiaiitd Pulp . — ^Thls structure is pro- 
ducc<l hy a remarkable differentiation 
which occurs within the midportion of the 
enamel organ. The epithelial cells of this 
region, wliich at first appear to form a 
(Iclicatc syncytium, become separated by 
wider and wider intercellular spaces, and 
are thus drawn out into stellate forms with 
long anastomosing processes. The result- 
ing cells closely resemble in form the con- 
nective tissue cells of embrj’ona! or gelat- 
inous connective tissue. This explains the 
designation stellate retietthnu. They are, 
however, inclosed on all sides by the epi- 
thelial cells of the inner and outer enamel 
epithelium and, like other epithelial tis- 
Ihe molar teeth penetrated by blood ves- 


sels 

The enamel pulp appears to serve a purely mechanical function, it being a 
soft tissue through which the growing tooth readily pushes its ^vay to the surface. 

Dental Papilla. — The dental papilla is a mesenchymal structure which is 
invested by and grows into the enamel organ. Coincident with the appearance of 
the ameloblasts in the enamel organ, the superficial cells of the dental papilla 
become enlarged, elongated, and so arranged as to form a continuous layer of 
odontoblasts on the surface of the papilla. These cells apparently secrete a thin 
homogeneous layer, luembrana preformatwa (Raschkow),’ which serves as a 


I Jordan, 1921. 

8 Addison and Appleton, 1922. 
s Jordan, 1923 
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basement membrane upon which the ameloblasts deposit the enamel prisms ; it 
also forms the primordmm of the granular layer of Tomes. 

The odontoblasts now form the dctttin in a manner entirely analogous to 
the deposit of bone by the osteoblasts, processes of the odontoblasts being included 
within the deposit of dentin to form the dentinal fibers. 

Irregular spaces, occurring in the dentin and granular 
layer, in which no calcification occurs produce the infer- 
globtilar spaces. 

<The central mass of the dental papilla de\'elops the 
reticular tissue of the dental pulp. The blood vessels and 
nerves enter the pulp through the l>ase of the i>apilla, 
which thus becomes the pnmordium of the root canal. 

The cementum is formed by intramembranous ossi- 
fication occurring in that portion of the dental sac which 
invests the base of the dental papilla and the primitive 
root of the tooth. 

The process of cemcntogenesis is essentially similar 
to that of perichondrial ossification. The vascular mes- 
ench}ma of the dental sac breaks through the epithelial Fic 327 .— Odoktoblasts anb 
sheath (the root extension of the enamel organ), and Dentin of the Tooth of 
through the agency of modified mesenchymal cells sim- ^ Newbor.v Cat. 

ilar to the osteoblasts, the ccmcntoblasts, deposits ce- J*-; odontoblasts ; r/'. Tomes’ 
, , e .1 » 'I'L » . fibrils, prolongations o{ the 

mentum upon the dentm of the root The first deposit odontoblasts; dc. dentinal ca- 
is made in the neck region, and the deposition progresses nal in the dentin (rf). Xsoo. 
thence to the apex of the root, where the thickest 
lajer is subsequently found. Cementoblasts become in- 
closed in lacunae of the cementum and persist as cciucuhim cells. The peripheral 
la>er of the root portion of the sac differentiates into a dense fibro-elastic lamina 
which serves both as a pericementum to the tooth, and as periosteum to the bone 
of the jaw’ The pericementum includes besides cementoblasts also odontoclasts 
which become active as tooth destroyers at about the age of five years. They absorb 
the roots of the deciduous teeth, and thus open the way for the eruption of the 
permanent teeth. 
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The tongue consists essentially of a mass of voluntary muscle invested by a 
continuation of the mucous membrane of the mouth and pharynx. The fibers 
of this striated muscle are separated into two lateral halves by a median septum 
of dense areolar connective tissue wliich extends from the base to the tip of the 
organ, and is known as the Ungual septum. ^ 


Muscle Fibers.-The muscle fibers include two groups.- the inlrmsic those 
of the Imguahs or tongue muscle proper, and the extrinsic, those cnterinc fron- 
"•.thout and serving to attach the tongue; the genioglossus, the hyovlossus the 
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Styloglossus, tbc palatoglossus ami the clKUKlfoglossus. The ni)crs arc disposed 
in three planes and arc so arranged that the htjndles cross one another at ri4djt 
angles. They thus, (or$n: (t) sagittal or vertical fdxr bundles which are slightly 
inclined outward from the scplinn linguae and arc derived from the linguaJis 
muscle, supplemented Itt the inferior nietllan jKirtion hy fibers from , the- genio- 
glossus and the Iiyoglossus; (2) longitmfmal fibers i)cripljcrally distributed and 



Fie 328 — ^ViEvv OF Dorsum of To.ncue, SuowrNc the Various Pap/lme, the Tomsh-s 
A si> TJiE Fauces 

r, circumvallatc papillae, foramen cccom; j, fungiform papillae; ./. filiform papillae; 
5, transverse and oblique rugae; 6, mucous gfarwls; 7, t<msi!s; S, lip of epiglottis; median 
glosso-epiglottidean fold; /, foliate papillae; X, lenticular papillae. (Sappey.) 

running from the base to (he apex of tlie tongue, derived chief!}' from the lingualis 
but supplemented on the under surface bj' the styloglossus, and chondroglossus ; 
(3} transverse or Iiorizontal fibers extending laterally from the septum linguae, 
which are also deriv-ed from the Hngualis muscle, and include a few fibers from 
the palatoglossus. 

The interlacing bundles of muscle fibers are embedded in loose areolar and 
adipose tissue. The muscle fibers are inserted into the corium of the lingua! 
mucous membrane, their sarcolcmnia being firmly adherent to the connective tissue 
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of the mucosa, which invests the rounded blunt extremity of the muscle fiber. 
Many of these muscle fibers are branched. 

Mucous Membrane. — -The mucous membrane of the tongue consists of a thick 
corium, and an epithelial covering. The deeper part of the corium, consisting of 
loose areolar tissue, is intimately connected with the muscle. The superficial por- 
tion of the corium, containing denser areolar tissue, carries upon its surface 
dorsally connective tissue papillae of unusually large size which project into the 



Fio. 329 — One Laterae Half or a Coronal Section or a Doc’s Tongue. 

The dorsal surface presents numerous large filiform papillae, a, lingual papillae; b, corium; 
r, the fibromuscular substance of the tongue. Hematem and eosin Photo X6. 

epithelial coat. The surface of the larger of these papillae is not smooth, but is 
covered with small secondary papillae. 

The dorsal surface of the tongue presents a sharp structural difference 
between its anterior and posterior portions The papillae are limited to the anterior 
portion, which includes about two-thirds of the entire surface; this is known as 
the papillary area The posterior one-third lacks papillae, and is of lymphoid 
character, hence known as the lymphoid area (lingual tonsil). These two areas 
represent the originally separate pnmordia from which the definitive ton^rue 
develops; the anterior group including the paired lateral tongue pnmordia and 
the median unpaired Uibercuhim tmpar, and the posterior the paired radices 
linguae. The line of fusion is indicated in the fetus and infant by a shallow 
V-shaped groove, the sulcus terminalis. This subsequently disappears, and the 
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boundary then remains marked hy ihc position of liic circumvallate papillae. The 
papillary area constitutes the touKtic proi>cr. 

E/’ilMlinii . — The cpithdiiini of the longue is of the stratified sciuatnous variety. 
Upon the umler surface and margins of the organ its surface is smooth, hut on 
the dorsum of the tongue the stratified cpithclhim fonns tall projections, which 
correspond with the jiapillac of the coriuni, and which constitute the so-called 
hiKjual I'af'iUae. These iwpillac are of three x-arictics; conical or filiform, fungiform 
and circmnvallalc. 

Conical or Fihi'OKm Pai'ILLAC.— T hese papillae consist of flattened and 
elongated epithelial cells which arc often so arranged as to prcxluce a slender 
funica! projection or epithelial tuft of x'ariahlc heigiit, which covers the apex 


C«nlnt papilla fili/trm papiPaa 



Fic 3JO — Surface of the Tongue at tiie Borpek between the Root and the Dorsum. 

Xi£>. (Draos) 

of each connective tissue papilla. Tlits type is the most abundant of the three 
varieties of hngiul papillae. Tlicy are found upon all portions of the dorsum 
of the tongue They range in height from 0.5 to 2.5 millimeters. 

Fungiform Papillae — ^The fungiform papillae are fonned by a large con- 
nective tissue papilla or core which projects abo\e the general level of the 
epitliehnl surface and is covered by a smooth layer of stratified squamous ■epi- 
thelium in which occasional taste buds are found. Tliis variety, though much less 
abundant than the former, is stiff numerous and may be found upon any or all por- 
tions of the dorsum of the tongue, where they are irregularly scattered among the 
filiform papillae. The fungiform variety are most abundant near the margin of the 
tongue on its dorsal surface Their maximum height is about 1.5 millimeters. 
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CiRCUMVALLATE PAPILLAE. — The circumvanatc papillae form a group of 
from eight to twelve elevations which are situated at the base of the tongue, 
and are arranged in the form of a V, the apex being directed toward the larynx. 
These papillae are much broader (2 to 3 millimeters) than either of the former 
varieties. They extend slightly above the general level of the epithelial surface, 
are of an inverted conical shape, and are covered by a smooth layer of stratified 
squamous epithelium Their base is sur- 
rounded by a deep circular cxca\’alion, 
lined by an invagination of the layer of 
stratified epithelium, which thus forms a 
deep trench about the base of the papilla. 

The epithelium which covers the sides 
of the circumrallate papillae, as well as 
that forming the lateral wall of the 
trench contains large numbers of taste 
buds (see Chapter VI). The large cen- 
tral connective tissue papilla carries upon 
its surface many small secondar>’ papillae 
of the corium, ^\hich project into the 
epithelial coat of the circumvallatc i>a- 
pilla upon its free surface, but are not 
found upon its lateral margins. 

The mean number of taste buds on 
the circumvallatc papillae between birth 
and the twentieth year is said to be re- 
markably constant, approximately 245. 

The number declines to 88 in extreme 
old agc.*° The taste buds arc variable in 
size and shape. They are not formed on 
the top surface of the papillae and only 
rarely in the floor of the trench In rare 
instances two or three papillae may be surrounded b\ a single trench. 

On the lateral margins of the tongue, just in front of the anterior pillars 
of the fauces, occur a variable numlier of transverse parallel folds or leaves 
the foliate papillae. These are only sli,ghtly developed in man, but arc well devel- 
oped m the rabbit and certain other rodents. They cnntaln numerous taste buds 
In the lymphoid area also, at the anterior lateral margins, are a group of low 
irregularly disposed mucous folds, the so-called lenticular papillae. 

Mucous and serous glands occur in the deeper portion of the corium of the 
tongue and among its muscle bundles; they open upon its epithelial surface 
heuveen the papillae. These glands are most ahundant at the base of the ore n 
hut are also found along its margins as tar fonvard as the tip, where a pair of 


it'* 

Fic. 33 * —A. Filiform axd a Fo.ngiform 
Papilla, from ax Ixjecteo Specimex of 
Toxcl'e of Cat. 


Arey, Tremaine and Monzingo, 1933. 
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bmal! tu!)u!o*acint)se seronnicous ^'htuis lie on ciiJicr side of ihc mctltnn septum 
and open upon tlic ventral surface of the (oitgnc. Tliesc arc the anierhr Iwgiia! 
glands of Nnhn. Tlic serous ghutds of von Ehner are confined to tlic region of 
circunjvallato papillae at the base of (tw tongue. Tljcy pour their secretion into 
the trench uhich surrounds the Jxisc of the (lapflla or into the crypts of the lingua! 
tonsil. Other lingual glands, of the small ttihido-acinosc mucous type, occur at 
tmnous portions of the dorsal surface of the tongue, being especially abundant 
in the lymphoid area. 

Itiugnal Tonsil. — The lingual tonsil (Fig. 255) is a considcraldc collection 
of lymphoid nodules which is found at Ihc lase of the tongue hi and about the 
median line. These nodules are groii])cd nI)OUt a large funnehshaped crypt, the 
foramen cecum, uhich opens at the ajicx of tlic V fonned by the group of 
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circumvallate papillae and which in the embryo forms the lingua! extremity of 
the so-called duct of the thyroid gland {Ihyrogtossol duct)^ Several smaller crj’pts 
are also included in the region of the lingual tonsil. 

The lymphoid nodules are embedded in the mucosa or corium of the tongue 
and are surrounded by mucous glands, many' of whose ducts penetrate between 
the nodules to open into the branching crypts. Lymphocytes, apparently derived 
from the nodules, infiltrate the surrounding connective tissue and epithelium and 
find their way into the lumen of the tmisilJar crypts. 

Blood Vessels. — The blood vessels of the tongue are supplied by large arteries 
(branches of the hngual artery) which, with the corresponding veins, are enf- 
bedded in the muscular portion of the organ and supply capillary vessels to this 
tissue. From these arteries, also, small arterial branches enter the deeper portion 
of the corium and form a capillary plexus which supplies the connective tissue 
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and whose terminal ramifications extend to the very apex of the connective tissue 
papillae. The blood is returned by veins which pursue a similar course. 

The tongue of the dog is characterized by the occurrence of numerous arterio- 
venous anastomoses (canals of Sucquet-Hoyer), presumably connected in some way 
with elimination of heat upon a rise of body temperature.” These ^ascula^ glomi 
have a rich ner\'e supply, including thin unmyelinated Ubers with terminations 
in the media of the S-II canal and thick myelinated fibers with terminations mainly 
located in the adventitia. 

Lymphatics. — The lymphatics form 
a superficial set of small vessels and 
tissue spaces beneath the epithelial 
layer, which are especially abundant in 
the region of the lingual tonsil at the 
base of the tongue. The lymphatic ves- 
sels of this superficial plexus frequently 
encircle the lymphoid nodules. A deeper 
plexus of l)mphatics in the loose con- 
nective tissue of the submucosa receives 
the lymph from the superficial plexus 
and conveys it by efferent lymphatic 
vessels to the deep cervical lymphatic 
glands. 

Nerve Supply. — The nerve supply 
of the tongue comprises cerebral, both 
sensory and motor fibers, and sympa- 
thetic fibers. The sjanpathetic elements 
supply the glands and blood vessels; 
small ganglia occur along their course. The motor fibers supplying the striped muscle 
are derived from the hypoglossal nerve. These end in motor end-plates. The sensory 
fibers arise from the lingual branch of the trigeminal and the glossopharj-ngeal 
nerves. These mediate both general sensibility and the sensation of taste. The fibers 
which receive the stimuli of general sensibility end as naked varicose fibrils in the 
connective tissue of the body of the tongue, and in the submucosa of the papillae. 
They are accompanied by small ganglia. Certain fibers also end in muscle spindles. 
The fibers of special gustatory sensation are also distributed to the papillae; the 
chorda tympani (branch of the facial) component of the lingual branch of the 
^ trigeminal supplying the anterior two-thirds, the glossopharyngeal the posterior one- 
third of the tongue. At the base of the tongue small nerve bundles of taste fibers are 
distributed to the circumvallate papillae, and form a subepithelial plexus from which 
fibrils are distnbuted: ( i) to the interior of the taste buds where they end in rela- 
tion with the gustatory cells, intraffemual fibers; (2) to the surface of the taste 
buds, pertgnnmal fibers; and (3) to the inter\*enmg portions of the epithelial layer 
where they end between the epithelial cells as in other parts of the tongue intcr- 



Fic. 333— Two Foliate Papillae PEOxt a Rab- 
bit's To.s'cue, Showixg Numerous Taste 
Buds Along Their Lateral Margins. Xro8. 


** Brown, 1937 
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fjcmuiQl fibers (Ftg. 185). The taste Imds of the soft palate arc Innervated through 
tlic palatine nerves (great superficial petrosal component) of the trigeminal. 



Fig. 334 — Diagram of the Aluientary Canal of Man. 

Is, small intestine, Co, Ct, and Cd, ascending, transverse and descending portions of the 
lolon; PJi, pharynx, Fir., ileocecal valve. (Adapted from Wicderslieim.) 


THE ALIMENTARY CANAL 

Characteristics of the Walls 

It is convenient to consider collectively under this head the pharynx, esophagus, 
stomach and the small and large intestines. This tract forms a continuous tube 
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whose wall has, throughout its entire extent, many common characteristics. Thus 
the wall in all portions consist of four coats which are respectively known, from 
within outward, as the mucous, submucous, muscular and fibroserous. The three 
outermost coats are of very similar structure in all portions of the tract. 

Fibroserous Coat (Tunica Fibroserosa). — In the abdominal cavity the outer- 
most coat is derived from the peritoneum, by which the stomach and intestines 
are invested. In the upper portion of the tract, pharynx and esophagus, the serous 
coat is replaced by a layer of areolar connective tissue, constituting a Itiiuca ftbrosa, 
which usually contains much fat In the alidomen the homologous subscrous con- 
nective tissue is covered by a la>er of mesothclium. The connective tissue of the 
outer fibroserous coat contains the larger blood and l\mphatic vessels whose 
branches are distributed to the three inner coats. 

Muscular Coat. — The muscular coat (funica inuscularis), situated next within 
the fibroserous, is divisible into two layers, an outer longitudinal, the direction of 
whose fibers is parallel to the long axis of the canal, and an inner transverse 
layer whose fibers are circularly disix)scd The two layers are united by a thin 
septum of areolar connective tissue which serves for the support of the larger 
blood vessels and lymphatics, whose capil- 
laries are distributed to the muscular coat. 

This septum also contains a coarsc-meshed 
nerve plexus, consisting of small anastomos- 
ing nerve trunks w’hich are composed m 
large part of unmyelinated fibers, at whose 
intersections are numerous small sympa- 
thetic ganglia, the myenteric {Auerbachs) 
plexus and ganglion 

Below the level of the junction lietween 
the middle and lower third of the esopha- 
gus, and including the musculature of the 
stomach and intestines, the muscle is en- — Surface View of Auerbach’s 

tirely of the nonstriated or smooth variety. Intramuscular Nerve Plf.xus. from 
In the pharynx and upper third of the Esorhacus of a Cat 

esophagus, the striated or voluntary type of Methylene blue X 40 to so (DeWitt) 
muscle is exclusively found. In the midpor- 
tion of the esophagus both striated and nonstnated muscle occur in varying pro- 
portions, occasional striated fibers being found even m the lower third of the organ. 

Submucous Coat. — The submucous coat {tela submucosa) consists of loose 
areolar tissue, and serves for the support of the larger blood and lymphatic 
vessels which supply this coat and the mucosa. A second plexus of nerve fibers, 
similar m structure to the intramuscular plexus, is found in the deeper layers 
of the submucosa, and is known as the submucous (Meissner's) plexus Its nerve 
trunks and ganglia are somew’hat smaller than those of the. myenteric plexus 
The submucous plexus supplies the muscular and glandular 'tissues, o'f^e mumtic 
membrane. 
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Mucous Membrane. — ^The mucous coat or mucosa (/khiVo mucosa) of the 
gastro-intcstinal canal contains four typical structures; (i) an internal lining 
epithelium attached to a distinct basement membrane (memhrana propria) ; (2) 
the lamina niuscularis mucosae which forms the outermost layer; between these is 
(3) a lamina propria mucosae or coritim of diffuse lymphoid or areolar tissue, 
which serves chiefly for the support of (4) the secreting glands. 

The hmiua muscularis mucosae usually consists of a double layer of smooth 
muscle, the outer being longitudinally, the inner circularly disposed. Tins layer 
is most highly developed in the esophagus. 

The lamina {luuica) propria consists of delicate fihro-clasttc and reticular tissue 
whose volume is in inverse proiwrlion to that of the secreting glands. It is most 
abundant in the esophagus. In the stomach and intestines it is considerably infil- 
trated by lyonphocytcs and often contains diffuse lymphoid tissue. Small lymph 
nodules are also found in the dee|)cr part of this membrane; they progressively 
increase in size toward the lower |K>rtion of the tract, where they form the solitary 
nodules of the intestine. 

The nature of the lining epithelium and the tyj>c of glands differs in each 
succeeding portion of the canal, ami must, therefore, together with the other 
peculiarities of the several suMivisions of the tract, be separately considered. 

Tub Pharynx 

The pharynx may be subdivided, upon histological as well as phj'siologrcal 
grounds, into (i) an upper respiratory portion, or nasopharynx, and (2) a lower 
portion, oropharynx and laryngopharynx. Only the laryngopharymx properly 
belongs to the alimentary tract. The soft palate and uvula form a thin partition 
between the naso- and orophaiynx. The nasopliarjaix has already been described 
as a part of the respiratory system (sec Oiaptcr XII). 

The mucous membrane of the lower portion of the pharynx is lined ^\^th 
stratified squamous epithelium which rests upon a thick corium of areolar tissue. 
The lamina propria is well supplied W’ith thin-walled blood vessels and l}Tnphatics, 
and contains many mucus-secreting glands of the tubulo-acinose type whose secret- 
ing portions lie deeply embedded in the connective tissue of the muscular coat. 

There is no lamina muscularis mucosae in the mucous membrane of the 
pharynx; its place is taken by a layer of connective tissue which is exceedingly 
rich in longitudinal elastic fibers. This layer lies immediately upon the muscular 
coat, into which processes of fibro-elastic tissue extend between the muscular 
bundles ; hence this fibro-elastic layer also serves as a submucosa. 

The superficial layer of the corium contains diffuse cdllections of lymphoid 
tissue and occasional small lymph nodules. 

The muscular coat of the phar3Tjx is formed by its constrictor muscles. Their 
striated fibers mostly pursue an oblique course. Where these muscles are not 
immediately attached to the periosteum of the vertebrae, the pharynx is invested 
with an outer coat of areolar connective tissue by which it is loosely united to 
adjacent organs. 
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The esophagus or gullet is a short tube about 25 centimeters (10 inches) in 
length, connecting the pharynx with the cardia of the stomach. Its wall contains 
the usual four coats • the outer fibrous, muscular, submucous and mucous 
(Kg- 337)- 

Outer Fibrous Coat. — The outer fibrous coat envelops the wall of the esopha- 
gus and unites it to the adjacent organs. It consists of loose fibrous tissue, and 
contains the blood and lymphatic vessels and nerve trunks which supply the three 
inner coats. It is not invested by a serous layer. 



Fig 336. — Longitudinal Sectio.v through Region of Transition from Esophagus (Right) 
TO Cardiac End of Stomach (Left). 


Muscular Coat. — The muscular coat contains an outer longitudinal and an 
inner circular layer of muscle fibers, which are separated by a narrow septum of 
loose areolar tissue. In the upper third of the esophagus the muscle is of the 
striated variety, in the middle third it is mixed, in the lower third it is generally 
smooth. The distribution of the musde in the lower third is subject to great 
individual variation, and occasional striated fibers are often found all the way 
down to the diaphragmatic opening. 
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The nrcolar septum hclwccu the muscular layers contains the larger blood 
vessels and the myenteric nerve plexus ami ganglia. 

Submucous Coat. — ^Thc suhtmicotts coat forms a layer of areolar connective 
tissue which firmly unites the muscular ami ilic mucous coats. It contains those 
Wood and lymphatic vc.sscls, together with the submucous nerve plexus, whose 
hranches supply the mucous tuembrauc. It also conlaiiis a considerable number of 
tulnilo-acinose mucous glanils whose ducts enter the mucous mcmhranc and open 
upon the free epithelial surface. The secreting acini of these glands arc short 



Fre 337. — TRANsreRSE Sktiow of Esor;rAcc;s rtiMUcn Lower TnntD. 

L, lumen, P, fibrous tunic, C. , circular muscle layer; L. M., longitudinal muscle layer* 
G , mucous glands in submucosa (S)’. L. N.. lymph nodule; if. At., lamina muscularis mucosae; 
T. P, lamina propria mucosae; E, stratified squamous epithelium; B. I', Wood vessels. 
(Adapted from Merkel ) 

branching tubules with ampullary dilatations ; they possess a characteristic, tortuous 
form. Their columnar secreting cells have a strong affinity for mucheniatein and 
other specific stains for mucus. This basophil reaction, together with the situation 
of their isolated groups of secreting acini in the stibwucosa, sharply distinguishes 
the esophageal mucous glands from the glands of the stomach and intestine, except 
those of the duodenum. 

The number of the esophageal glands in man is extremely variable. This 
numerical variability is associated with frequent cyst formation, stasis of secretion, 
and atrophy of the glandular elements; conditions indicating small functional 
significance In certain mammals, e.g., rodents, ox, horse, sheep, cat and bat, glands 
are entirely lacking ; in others, e.g., opossum, dog and pig, they are very abundant. 
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Except in man, the mucous alveoli contain demilunes. Esophageal glands are the 
exception rather than the rule in mammals. The fact that they are al)sent in all 
vegetable feeders but present in mixed feeders in- 
dicates that they have a chemical rather than a 
mechanical function ‘* 

Mucous Coat. — The mucous coat (mucosa) of 
the esophagus consists of a lamina propria or 
corium of areolar tissue which rests upon a well- 
developed lamina musculans mucosae and is cov- 
ered on its free surface by stratified squamous 
epithelium. 

' Tiie lamina musculans mucosae consist of bun- 
dles of smooth muscle cells arranged longiutdinally. 

In the upper third of the esophagus it may be 
incomplete, or it may even be lacking; in the lower 
third it may include, as it docs elsewhere in the 
digestive tube, a less robust inner layer of circu- 
larly disposed muscle. 

The inner portion of the lamina propria car- 
ries on its surface many tall connective tissue pa- 
pillae which project well into the epithelial coat 
and which closely resemble the \’ascular papillae 
of the skin (Fig. 338). 

The midportion of tfic corium is penetrated by 
the e.xcretory ducts of the mucous glands. These 
are at first lined hj low columnar cells which, as 
they approach the epithelial surface, are changed 
into several layers of flattened cells, which thus 
form a thin stratified lining, continuous with the 
superficial stratified squamous epithelium of the 
esophageal mucosa Many of these ducts {lossess 
small cystic dilatations which are found in the 
connective tissue of the corium or occasionally in 
the submucosa 

Superficial Glands . — At about the level of the 
cncoid cartilage the esophageal mucous membrane 
presents two lozenge-shaped depressions, one on epithelmm; b, stratum gcrmmativ- 
either side, whose diameter vanes from i centi- propria mucosae; 

meter down to microscopical size. These areas (Goet™!?) mucosae, 

mark the site of the superficial glands of the 

Moplngus (Hewlett) or upper cardiac glands (Schafer). These are short branched 
tubular glands winch closely resemble those of the cardiac region of the stomach 



Fig. 338. — From a Section of the 
Human Esophagus. 
a. slight cornification of surface 


^-Goctsch, 1910 
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They arc confuicd to the imicotjs wcnihranc; tlwir tubules, in marked contrast to 
tliosc of the deejJ mucous glands of the csojihagiis, never penetrating the muscularis 
mucosae, which, however, is considerahly thinned licncalli the sufierficial glands. 
These glands secrete a mucinous fluid, b»t their cells arc not so strongly basophilic 
ns those of true mucous glands such as liic deep glands of the esophagus. Both 
the ducts of the superficial glands and llicir secreting portions arc lined with 
columnar epithelial cells. 7'hc lining cpitheluint of lliat part of the esophagus upon 
which the ducts open also consists of columnar cells. Many of the secreting tubules 
contain parietal cells similar to those of the fundic glands of the stomach. Both ducts 
and secreting tulnilcs contain .small, cystic dn.atation5. 

At the lower end of the csopliagus a similar growp of superficial glands, the 
lotvcr cardiac glands of the esophagus, frequently mark the beginning transition 
to the structure of the cardiac itonion of the stomach, with whose glands they 
are continuous. 

Tlic lining epithelium of (he esophagus is of the stratified squamous variety. 
Its attaclicd surface is indented liy the i»apilJae of the corium; its free surface 
IS smooth. In the collapsed state of the organ its mucous membrane is thrown into 
longitudinal folds or mgac and its lumen is hrgcly obliterated, The small isolated 
areas of columnar or ciliated epitUeUwm, which occur in occasional individuals on 
the surface of the csopliagcal mucosa, csjiccially in tts upper third, arc to be 
regarded as examples of irregular dcvxlopmcnt, involving a persistence of the 
ciliated areas occurring, according to Johnson,'* in embryos ranging from $5 
mdlimeteM to birth. 


TitE Stomach 

Serous Coat. — The serous coat (riunVa serosa) of the stomach is derived 
from the peritoneum. It is formed by a thin layer of subscrous connective tissue 
which is covered with mcsothelium. The serous coat supports the larger blood 
and lymphatic vessels and nerve trunks which supply the organ 

Muscular Coat. — -The muscular coat of the stomach consists in general of 
tw'o lajers of smooth muscle fibers~-a thin outer longitudinal, and a much thicker 
inner circular and oblique layer. The regular circular arrangement of these hbers 
is much distorted by the peculiar dilatation and partial rotation to which the 
stomach is subjected in the course of its development, and as a result of this 
change obliquely placed fibers form a considerable portion of the muscular coat. 

The oblique fibers are most numerous toward the cardiac end of the stomach, 
where they form a third muscular layer, the innermost portion of the muscular 
coat- The longitudinal fibers are most abundant toward the cardiac and pyloric 
orifices and along the lesser curvature; in the fundus and midregion of the stomach 
they form only a very thin layer. The drcular fibers form the thickest of the three 
muscular laj-ers and are nearly equally distributed in all portions, except that 


Johnson, 1910 
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at the cardiac and pyloric orifices they become much thickened to form the sphincter 
muscles. The pyloric sphincter is especially well developed. 

The layers of the muscular coat of the stomach are united by thin septa of 
connective tissue. That between the longitudinal and circular layers contains the 
myenteric nerve plexus and ganglia, and the larger blood vessels which supply 
this coat. 



Fig. 33g.^SECTiox Tiiroocii the Stomach Wall of Man (Pyloric Region). X14. 


Submucosa. — The tela submucosa consists of loose areolar tissue which sup- 
ports the blood vessels, lymphatics, and the submucous nerve plexus, all of which 
distribute their branches to the mucous membrane. In no portion of the stomach 
does this coat contain glands. 

Mucous Coat. — The lamina muscularis mucosae forms a thin but complete 
layer from one end of the stomach to the other, and marks the outer boundary 
of the mucous membrane. It usually consists of two thin layers, an inner circular 
and an outer longitudinal. Here and tliei^muscle fibers extend from the muscu- 
laris mucosae into the corium between the gastric glands. 

The surface of the tunica mucosa is clothed with tall columnar epithelium 
and the whole membrane is thrown into tvavy folds, an arrangement which is 
permitted by the very loose character of the submucous areolar coat. The corium 
0l the mucosa is closely packed svith tubular secreting glands, which open on the 
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They arc confined to the mucous incmhranc; their tubules, in marked contrast to 
those of the deep mucous glands of the esophagus, never iHjnctrating the muscularis 
mucosae, which, however, is considerably thinned beneath the supcrfidal glands 
These glands secrete a mucinous fluid, but their cells arc not so strongly basophilic 
as those of true mucous glands such as the deep glands of the esophagus. Both 
the ducts of the superficial glands and their secreting portions are lined wth 
columnar epithelial cells. The lining epithelium of lliat part of the esophagus upon 
which the ducts open also consists of coUtnitinr cells. Many of the secreting tubules 
contain parietal cells similar to those of the fundic glands of the stomach. Both ducts 
and secreting tubules contain small, cystic dilatations. 

At the lower end of the esophagus a similar group of superficial glands, the 
[ozver cardiac glands of the esophagus, frequently niark the beginning transition 
to the structure of the cardiac portion of the stomach, with whose glands they 
are continuous. 

The lining epithelium of the esophagus is of the stratified squamous variety. 
Its attached surface is indented by the papillae of the corium; its free surface 
is smooth. In the collapsed state of the organ its mucous membrane is thro\vn into 
longitudinal folds or rugae and its lumen is largely obliterated. The small isolated 
areas of columnar or ciliated epithelium, which occur in occasional individuals on 
the surface of the esophageal mucosa, especially in its upper third, are to be 
regarded as examples of irregular dct'clopmcnt, involving a persistence of the 
ciliated areas occurring, according to Johnson,** in embr>'os ranging from 55 
millimeters to birth. 


Tue Stomach 

Serous Coat. — ^The serous coat {tunica serosa) of the stomach is derived 
from the peritoneum. It is formed by a thin layer of subserous connective tissue 
which is covered with mesothelium. The serous coat supports the larger blood 
and lymphatic vessels and nerve trunks which supply the organ. 

Muscular Coat. — ^The muscular coat of the stomach consists in general of 
two layers of smooth muscle fibers — a thin outer longitudinal, and a much thicker 
inner circular and oblique layer. The regular circular arrangement of these fibers 
is much distorted by the peculiar dilatation and partial rotation to which the 
stomach is subjected in the course of its development, and as a result of this 
change obliquely placed fibers form a considerable portion of the muscular coat. 

The oblique fibers are most numerous toward the cardiac end of the stomach, 
where they form a third muscular layer, the innermost portion of the muscular 
coat. The longitudinal fibers are most "abundant toward the cardiac and pyloric 
orifices and along the lesser curvature; in the fundus and midregion of the stomach 
they form only a very thm layer. The circular fibers form the thickest of the three 
muscular layers and are nearly equally distributed in all portions, except that 


13 Johnson, 1910. 
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at the cardiac and pyloric orifices they become much thickened to form the sphincter 
muscles. The pyloric sphincter is especially well developed. 

The layers of the muscular coat of the stomach are united by thin septa of 
connective tissue. That between the longitudinal and circular layers contains the 
m} enteric nerve plexus and ganglia, and the larger blood vessels which supply 
this coat. 



F'lc 339 — Section Through the Stomach Wall of ifAN (Pvloric Region). X14 . 


Suhmucosa. — The tela submucosa consists of loose areolar tissue which sup- 
ports the blood vessels, lymphatics, and the submucous nerve plexus, all of which 
distribute their branches to the mucous membrane. In no portion of the stomach 
does this coat contain glands. 

Mucous Coat. — The lamina muscularis mucosae forms a thin but complete 
layer from one end of the stomach to the other, and marks the outer boundary 
of the mucous membrane. It usually consists of two thin layers, an inner circular 
and an outer longitudinal. Here and the^muscle fibers extend from the muscu- 
laris mucosae into the corium between the gastric glands. 

The surface of the tunica mucosa is clothed with tall columnar epithelium, 
and the whole membrane is thrown into wavy folds, an arrangement which is 
permitted by the very loose character of the submucous areolar coat. The corium 
of the mucosa is closely packed with tubular secreting glands, which open on the 
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They arc confuiccl to the nuicous membrane; tJjcir tubules, in marked contrast to 
those of the deep mucous glands of the csof)bagus, never jxrnctrating the muscularis 
n7ucosae, udiich. liowcver, is cofj.skJcrably tliinned beneath tlie sufTerfic/al glands 
These glands secrete a mucinous fluid, but their cells arc not so strongly basophilic 
as those of true mucous glands such as the deep glands of the esophagus. Both 
the ducts of the superficial glands and tlicir secreting portions arc lined wth 
columnar epithelial cells. The lining epithelium of that part of the esophagus upon 
which the ducts open also consists of columnar cells. Many of the secreting tubules 
contain parietal cells similar to those of the fundic glands of the stomach. Both ducts 
and secreting tubules contain small, cystic dilatations. 

At the lower end of the esophagus a similar group of superficial glands, the 
lozver cardiac glands of the esophagus, frequently mark the beginning transition 
to the structure of the cardiac portion of the stomach, with whose glands they 
are continuous. 

The lining epithelium of the esophagus is of the stratified squamous variety. 
Its attached surface is indented by the papilbe of the corium; its free surface 
is smooth. In the collapsed state of the organ its mucous membrane is throwm into 
longitudinal folds or rugae atid Us lumen Is largely obliterated. The small isolated 
areas of columnar or ciliated epithelium, which occur in occasional individuals on 
the surface of tlic esophageal mucosa, especially in its upper third, arc to be 
regarded as examples of irregular development, involving a persistence of the 
ciliated areas occurring, according to Johnson,** In embryos ranging from 55 
millimeters to birth. 


The Stomach 

Serous Coat. — The serous coat (/«mVa serosa) of the stomach is derived 
from the peritoneum. It is formed by a thin layer of subserous connective tissue 
which is covered with mesothelium. The serous coat supports the larger blood 
and lymphatic vessels and nerve trunks which supply the organ. 

Muscular Coat. — ^The musciilar coat of the stomach consists in general of 
two layers of smooth muscle fibers — thin outer longitudinal, and a much thicker 
inner circular and oblique layer. The regular circular arrangement of these fibers 
is much distorted by the peculiar dilatation and partial rotation to which the 
stomach is subjected in the course of its development, and as a result of this 
change obliquely placed fibers form a considerable portion of the muscular coat. 

The oblique fibers are most numerous toward the cardiac end of the stomach, 
where they form a third muscular layer, the innermost portion of the muscular 
coat. The longitudinal fibers are most "abundant toward the cardiac and pyloric 
orifices and along the lesser curvature ; in the fundus and midregion of the stomach 
they form only a very thin layer. The circular fibers form the thickest of the three 
muscular layers and are nearly equally distributed in all portions, except that 
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of the fundus, where they form a complete lining for the tubule. In this portion 
the parietal cells are crowded away from the lumen and consequently produce 
a bulging of the basement membrane. Toward the neck of the tubule the parietal 
cells are more abundant and draw progressively 
nearer the lumen until, in the neck of the gland, 
they possess a considerable free surface which 
encroaches upon the glandular lumen. 

The Chief Cells (Central, Peptic, or 
Adelomorphous Cells). — The chief cells pos- 
sess a columnar or pyramidal shape and a gran- 
ular cytoplasm. The spheroidal nucleus is situ- 
ated in the proximal or attached end, while the 
distal end of the cell is its most granular portion. 

The breadth of the granular zone is dependent 
upon the state of secretory activity, the coarse 
zymogen granules accumulating during periods 
of rest and disappearing by secretion during 
activity. Thus the granular distal zone increases 
in breadth during rest and decreases during activ- 
ity. The whole cell also, becomes shrunken after 
prolonged secretion, but during rest it becomes 
so swollen that with its neighliors it nearly oc- 
cludes the lumen of the tubule. 

The coarse symogen granules within the cell 
appear to be suspended within the meshes of a 
finely granular cytoplasmic reticulum. At the 
base or proximal end of the cell coarse elongated 
granules or filaments of proeyinogcu (ergasto- 
plasm of Cade) may be demonstrated by the 
stronger basic or nuclear dyes, c.g., iron hematein, 
toluidine blue. These peculiar proz^-mogen gran- 
ules are so disposed, parallel to the axis of the ” 
cell, as to give this portion of the cytoplasm : 
somewhat striated or rodded appearance when 
carefully examined after suitable staining. The 
chief cells are believed to elaborate the pepsin 
(pepsinogen) of the gastric juice. 

The Parietal Cells (Oxyntic or Delo- 
MORPiious Cells. — T he parietal cells are large 

ovoid or pyramidal bodies wh.eh are frequently binucleated, and whose cytoplasm 

nuclei contain much chromatin and i 
geneous or finely granular 

The shape of the oxyntic cells varies mth their location At the fundus of the 


L* • 


Fic. 34I-— Loxcitudixal Section' of 
THE Fundus Glands of Man. 

6. parietal cells; a, fundus of the 
gland, h, chief cells, k, body, and I, 
neck of the gland , m, lamina mus- 
cuUns mucosae, Mg, gastric crypts. 
X8s- (Kdfliker.) 


possesses a strong affinity for acid dyes (cosin, Congo red, etc.). Their spherial 


I ure centrally situated ; their cytoplasm is homo- 
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.surface by u'fdc-niouthcd. crypt-b'kc ducts or fovcolac, and are cml>cdcJed in a 
fine fibrorcticul.ir iLssue coniniiiiaf; many Ijinpljocytc-s. 

Tlic lltiinff epitlielitini of tlie stomncli /ack.<5 typical goWet cells. However, 
llic coluninar cells contain mucin or mucinogen in the form of granules and 

gIobuIc.s. Accordingly, (his cpitlieliuni is 
mucus .secreting in function, (he mucus 
liaving .1 protective and lubricating 
pur]>osc. 

The cliaractcr of the gaslrk glands 
differs somewhat in various portions of 
the .stomach. The three varieties, ac- 
cording to their distribution, are known 
as the fundic glands, the pyloric glands, 
and the cardiac glands, 

Pimdic Glands {Pel^tic Glands).'^ 
Tlscse arc somcwliai Ijranclied tubular 
glands which possess short ducts, the 
cryf’ts or fot'cchc, and relatively long 
secreting portions, several o! which 
open, by means of short constricted 
portions, the nceks of the glands, into 
the bottom of each crj’pt. 

The e.xcrcfory ducts or erj^ts are 
lined with tall columnar -cells which 
possess a remarkably clear c^loplasm 
distally, and whose nuclei lie at the 
pro.xima] or attached ends of the cells. 
This epithelium rests upon a distinct 
basement membrane of reticular tissue. 
It is also continued over that portion of 
the coriuiu which occupies the intervals 
F,a 34a-VF.nT,CM Sectio!, or Secetoev Por- l*l''-Kn adjacent ducts, where it forms 
Tiov OF A Fundic Gland of the Human the true lining cpUhchuui of the stem* 
Stomach, Stained with Hematoxtuh and Its ^ells secrete a dear muco-albu- 

ininous fluid. Between the distal ends of 
The conspicuous paricul cells stain red ,|,e cell tenninal bars ocair. These cells 
(Hardesty.) , > , a 

possess also indistinct cuticular borders. 
The secreting portion, or fundus, of the gland is five to eight times as long as 
the duct or fovela, a fact which slmrpIyjtlifFerentiates the fundic from the pyloric 
glands of the stomach. The lumen of the secreting portion is so narrow as to be 
scarcely perceptible except by the use of spedal stains (precipitation technics) or 
high magnification 

The fundus of the gland is lined by two distinct cell types, the chief and the 
parietal cells. The chief cells are relativdy more abundant at the deeper portion 
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of the fundus, where they form a complete lining for the tubule. In this portion 
the parietal cells are crowded away from the lumen and consequently produce 
a bulging of the basement membrane. Toward the neck of the tubule the parietal 
cells are more abundant and draw progressively 


nearer the lumen until, in the neck of the gland, 
they possess a considerable free surface which 
encroaches upon the glandular lumen. 

The Chief Cells (Central, Peptic, or 
Adelomorphous Cells). — The chief cells pos- 
sess a columnar or pyramidal shape and a gran- 
ular cytoplasm. The spheroidal nucleus is situ- 
ated in the proximal or attached end, while the 
distal end of the cell is its most granular portion. 
The breadth of the granular zone is dependent 
upon the state of secretory activity, the coarse 
zymogen granules accumulating during periods 
of rest and disappearing by secretion during 
activity. Thus the granular distal zone increases 
in breadth during rest and decreases during activ- 
ity. The whole cell also, becomes shnmken after 




prolonged secretion, but during rest it becomes I 

so swollen that with its neighbors it nearly oc- ■ * / ' * 

clude.s the lumen of the tubule. ’ 


The coarse cymogcii granules within the cell * ; ^ J * * 

appear to be suspended within the meshes of a m ^ * 

finely granular cytoplasmic reticulum. At the * ■ "• 

base or proximal end of the cell coarse elongated *. 


granules or filaments of prosyuiogen (ergasto- 
plasm of Cade) may be demonstrated by the 
stronger basic or nuclear dyes, c.g., iron bemalrin. 


toluidme blue. These peculiar proz}Tnogen gran- 
ules are so disposed, parallel to the axis of the 
cell, as to give this portion of the cytoplasm a 
somewhat striated or redded appearance when 
carefully examined after suitable staining. The 
chief cells are believed to elaborate the pepsin 
(pepsinogen) of the gastric juice. 

The Parietal Cells (Oxyntic or Delo- 
MORPiious Cells. — The parietal cells are large 



Fig 341 — Loncitudixal Sectiom OF 
THE Fundus Glands of Man. 

b, parietal cells; g. fundus of tlie 
gland, li, chief cells; k, body, and I, 
neck of the gland; m, lamina mus- 
cularis mucosae; Mg, gastric crjpts. 
X85. (KolHker.) 


ovoid or pyramidal bodies which are frequently binucleated, and whose cytoplasm 
possesses a strong affinity for acid dyes (eosin, Congo red, etc.). Their spherical 
nuclei contain much chromatin and are centrally situated; their cytoplasm Is bnn,„ 
geneous or finely granular. 

The shape of the oxyntic cells varies with their location. At the fundus of the 
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surface liy u-itlc-inoiillictj, crypt-Iifcc ducts or fovcolac. and arc cmlicddeU in a 
fine filirorclicular tis.stjc containi«{; many I)mp!iocytcs. 

The lining epidicliiim of the stoiiwcli lacks typical gohlct cells. However, 
the coUinmar cells contahi iiuicin or iDucitK^cn in the fonn of granules and 

gfohtdcs. Accordingly, this epithelium is 
munis secreting in function, the mucus 
having a protective and Jubricaling 
jmr/>ose. 

The character of the t/aslric gbndt 
differs soincwliat in various portions of 
the stomach. The three varieties, ac- 
cording to their distribution, are known 
as the fundic glands, the pyloric glands, 
and tlic cardiac glands. 

PiindiV Glands {Peptic Ghnds).^ 
These arc somewkit hranclied tubular 
gbnds which possess short ducts, the 
crypts or fot'Cahc, and relatively long 
secreting portions, several of which 
ojMjn, by means of short constricted 
portions, the nrcl'S of the glands, into 
tlic bottom of each ciypt. 

The excretory ducts or crypts are 
lined with tall columnar -cells which 
possess a rcniarlably dear cytoplasm 
dislally, and whose nuclei He at the 
proximal or attached ends of the cells. 
This epithelium rests upon a distinct 
basement membrane of reticular tissue. 
It is also continued over that portion of 
the corium which occupies the intervals 
lietwcen adjacent ducts, where it forms 
the true Ihihig epithelium of the stom- 
ach. Its cells secrete a clear muco-aJIni- 
miiious fluid. Between the distal ends of 
tlie cell terminal bars occur. Tliese cells 
possess also indistinct cuticular borders. 
The secreting portion, or fundus, of the gland is five to eight rimes as long as 
the duct or fovela, a fact which sliarplj^ifPercntiales the fundic from the pyloric 
glands of the stomach. The lumen of the secreting portion is so narrow as to be 
scarcely perceptible except by the use of spedal stains (precipitation technics) or 
high magnification. 

The fundus of the gland is lined by two distinct cell types, the chief and the 
parietal cells. The chief cells are relatively more abundant at the deeper portion 



Frc 3^o~VivnTrcAL Section op Secrctorv Por- 
tion OF A Fundic Gland of tup. Human 
Stomach, Stained with Hematoxylin and 
Edsin 

The conspicuous parietal cells stain 
(Hardesty ) 


red 
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man stomach secretes also a substance, the "intrinsic factor” which, acting upon an 
"extrinsic factor” derived from the food, produces a substance which prevents the 
development of pernicious anemia (Castle). This stomach extract, presumably a 
hemopoietic hormone, has been named "addisin ” *** 

Pyloric Clauds . — These are branched convoluted tubular glands with relatively 
long crypt-like ducts, into the bottom of which several secreting tubules open. 
According to Piersol, they occupy the pyloric fifth of the stomach. 

The typical convolution is found only in the fundus of the gland, the course 
of the ducts being nearly straight. The branching, on llic other hand, is chiefly 
confined to the ducts, which occupy the superficial two-thirds to three-fourths 
of the entire depth of the mucous membrane. In the pyloric mucosa, therefore, 
three cones may be distinguished ; a superficial, middle and deep. 



Fic. 343 — Tbansections of Three Glands of the Fundus Region of the Human 
Stomacu. 

The section is taken from the portion ol the glands near the lamina muscularis mucosae 
The parietal cells are red, the central cells, black. Heraatein and cosin. X8oo. 


Fig. 344 — Portion of Gastric Gland from the Fundus Rfgion of the Stomach 
L, lumen, ending in intracellular secretory canaliculi in the parietal cells (P.r.) , C c chief 
tells Prepared by the Golgi chromate of silver impregnation method; highly magnified Vzim- 
tnermann ) • v * 


The superficial cone is narrow and contains the widc-mouthcd foveolae which 
are lined with tali columnar cells similar to those o£ the fundic crypts. 

The middle cone contains the narrowed portion of the ducts and is the broadest 
of the three zones. Several of the narrow ducts open into each foveola and 
further branching of the secreting tubules occurs to a limited extent The epi 
thehum of the ducts is of the low columnar variety, whose deeply stined baLl 


Morris and SchifF, 1932. 
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Rhncl where they arc separated from the lumen by the c!»cf cells ihty are mold 


or occasiojially tnaiijjidar in tnrnscclmn 



Fig 342 — Fondic GtAwo or Stomach of 
Dog 

a, lining epithelium j crypt, e, neck of 
gland, d, transitional cells, e, chief cells; 
f, fundus of gland; g, parietal cells; h, leu- 
kocyte ; t, grant parietal cell ; it. mitosis (at 
right). (Ellenberger and v. Schumacher ) 


Hie hromi lose of their triangular section 
iK'ing applied to the hisentcnl membrane, 
the widc-anglfd tijt wctlgctl Ix-tsvcen the 
hasc5 of f/ic adjacent cfjjcf cells. In the 
midiiortion of the secreting tuhulc the 
j«rietal cells approach nearer the lumen, 
and tjcing inserted between the chief cells, 
they ac<itilrc an increased height and a 
pyramidal form. At the neck of the gland, 
where the)' present to the glandular lu- 
mens a broad surface, the parietal cells 
acquire a cuboldal sliape. As the gland 
opens into its fovcola llie parietal cells, 
except for an occasional disWgctl or mis- 
placctl individual, abruptly cease. 

In those portions of the tubule where 
the iwricicl cells are more or less remote 
from the hmicn they possess an c.xtensive 
system of pericellular secretary fatiflh 
which invest the cell In a basket-like man- 
ner and convey its secretion to the gland- 
ular lumen, where it ml.xes with the secre- 
tion of the chief cells. The parietal cells 
also possess a system of inlracclUilar 
canaliculi. 

The parietal cells arc commonly be- 
lieved to secrete the HQ of the gastric 
juice. But Harvey and Bensley “ claim 
to liavc shown that free HCl is not present 
in these cells; their content is said to be 
chemically neutral or alkaline, and to con- 
sist largely of chlorides. The results of 
experiments with rabbits and various other 
vertebrates indicate that chlorine is se- 
creted hy the parietal cells in the form 
of % chloride of an organic base, and that 
the HQ is only set free after the secretion 
is poured out of the gland into the foveola. 
Hammett,’* however, presents further evi- 
dence tending to show the presence ot 
add in the parietal cells. The normal hu- 


Harvey, B. C. H. and R R. Bensley, igia 
Hammett, ipiS- 
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man stomach secretes also a substance, the “intrinsic factor” which, acting upon an 
“extrinsic factor” derived from the food, produces a substance which prevents the 
development of pernicious anemia (Castle). This stomach extract, presumably a 
hemopoietic hormone, has been named “addisin.” 

Pyloric Glands — ^These are branched convoluted tubular glands with relatively 
long crypt-like ducts, into the bottom of which sev’cral secreting tubules open. 
According to Piersol, they occupy the pyloric fifth of the stomach. 

The typical convolution is found only in the fundus of the gland, the course 
of the ducts being nearly straight. The branching, on the other hand, is chiefly 
confined to the ducts, which occupy the superficial two-thirds to three-fourths 
of the entire depth of the mucous membrane. In the pyloric mucosa, therefore, 
three zones may be distinguished : a superficial, middle and deep. 



Eic. 343 — Transections of Three Gcands of the Fundus Region or tub Human 
Stomach. 

The section is taken from the portion of the glands near the lamina muscularis mucosae. 
The parietal cells arc red, the central cells, black. Hematein and eosui. X8oo. 


Fig. 344 — Portion of Gastric Gland from the Fundus Rfcio.v of the Stomach. 

L, lumen, ending in intracellular secretory canaltculi in the parietal cells {Pc), C.c. chief 
tells Prepared by the Golgi chromate of silver impregnation method; highly magnified. "Vzim- 
inermann ) 


The superficial cone is narrow and contains the wide-mouthed foveolae which 
are lined with tall columnar cells similar to those of the fundic crypts 

The middle zone contains the narrowed portion of the ducts and is the broadest 
of the three zones. Several of the narrow ducts open into each foveola and 
further branching of the secreting tubules occurs to a limited extent The epi 
ihehum of the ducts is of the low columnar variety, whose deeply stained basal 
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nuclei are splicroidal or ovoid, and arc progressively flalfendJ as the secreting 
portion is approached. The superficial cjtoplasm of these cells stains readily with 
muchctnatcin and often has a coarsely granular or reticular apjxiarancc. 

The deepest zouc contains the convolute^] secreting portions ami is sharply 
marked off from the adjacent ducts, since in a transection of the stomach wall its 

tiilrtiles, owing to their convolution, are 
nearly all cut across, while the ducts are 
in longitudinal section. The clear stout 
columnar epithelium and hroad lumen 
of the fundus also contrast uith the 
slender finely granular epithelium and 
narrow lumen of the duct. It is this 
narrow zone of peculiar convoluted tu- 
bules, lying just within the muscularis 
mucosae, by which the pyloric mucous 
nicm!>ranc is most rcad'dy distinguished 
from all other regions of the alimentary 
canal. 

The tall columnar ceils of the fundus 
possess a remarkably clear cjtoplasm 
wbich reacts distinctly, though feebly, to 
ibe specific stains for mucus. The nuclei 
arc flattened against the base of the cell 
an<l thus contrast sharply with the sphe- 
roidal nuclei of the ducts and crypts. 

During secretion the cells become 
shrunken and their nuclei approach the 
center of the cell and become more 
nearly ovoid or spheroidal in shape. 

There is no sharp line of demarca- 
tion between the fundic and the pyloric 
regions, the glands offering a gradual 
transition from the one type to the other. 
Thus, in the human stomach, there is a broad transition zone which contains both 
fundic and pyloric glands. Indeed, in many individuals, parietal cells may be dis- 
tributed throughout almost the entire gastric mucosa. 

However, the transition from pylonc to duodenal mucosa is abrupt. This is 
correlated wth a discontinuity as regards both the circular muscle layers and 
the submucous lymphatics. These structural conditions at the junction of stomach 
with intestine may explain the phenomenon of "pyloric block.” 

Cardiac Clauds. — A narrow region, about 5 millimeters in width, at the cardiac 
orifice of the human stomach contains glands whose form corresponds with that 



Fig. 345. — A Pyloric Gland, from Section 
OF Human Stomach, Showing Deeper 
Portion of Duct and Associated Con- 
voluted Secreting Fundi. (Hardesty.) 


Horton, 1928 
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of the fundic glands, though they are slightly more branched and are rather more 
tortuous, but which are lined by relatively clear columnar epithelium. Only 
occasionally are the chief and the parietal cells, which are characteristic of the 



Fk 346.— Transverse Section of the Tonica ItucoSA of the Pvloric Portion of the 
Cat’s Stomach. 


The glands are imbedded in the lamina propria mucosae their 
secreting portions staining less intensely m basic dyes. X90 


deeper lying, convoluted. 


fundic glands, interspersed among the clear secreting cells of these tubules The 
cardiac glands, therefore, appear to offer a transition from tha esophageal to 
the more numerous fundic glands of the stomach. In certain mammals ca the 
pig and the Marsupialia, the cardiac glands occupy a much larger area ' ’ 

Connm.-The corlum of the mucosa (lamina propria mucosae) consists of a 
delicate fihroreticular connective tissne which supports the blood and lymphatic 
vessels and ,s more or less infiltrated with lymphocytes. Hence in manv^norti 
It possesses the character of diffuse lymphoid tissue, though this tissue k 
actcnstic of the mtcrglandular rather titan the interfovcolar^portion of th 1 
propria. In the latter situation, in sharp contrast to the intestaal villi , ',1, "“T'-T 
the student may confound this region, the corium is decidedly fibrous * ’ 

relatively few lymphocytes. ^ fibrous and contains 
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miclci are splicroidal or ovoiil, ami arc progrtssircly flaltcnt'ii a» (lie scerMing 
portion is approacliwt. The suticrricial cytojilasm ot (li«e cells stains readily with 
miichcmatciii anti ollen lias a coarsely granular or reticular appearance. 

The (leefesi :ouc contains the cnnvoltitcil secreting portions and is siiarply 
marked off from the adjacent ducts, since in a transection ol the stomach wall its 

r- - - ■ — tulittle*?, oulnj» to their convolution, are 

1,22 -''O P^S'/ nearly all cut across, while the ducts arc 

ttt Imjfiilndhnl section. The clear stout 
columnar cpitjicliutn and hroad lumen 
' the fundus also contrast with the 

■ slender finely pramdar <:^>ithe!juni and 

J narrow lumen of the duct. It is this 

narrow /one of peculiar convoluted tu 
hides, lying just tviihin the muscularis 
lutJco'-ae, by which the pyloric mucous 
membrane is most readily dislinguished 
Vt-j'll of the alimcntar)- 

'**■ /jf- ■f/'t canal. 

ft \ . columnar cells of the fundus 

possess a remarkably dear cytoplasm 
*1 which reacts distinctly, though feebly, to 

the specific stains for mucus. The nuclei 

r • ^ f ^r\* a*"*? flattened against the base of the cell 

! f '.'} ^ contrast sharply with the sphe- 

■« N 4, foidal nuclei of the ducts and crypts 

During secretion the cells ^come 
^ shrunken and their nuclei approach the 

— * ' center of the cell and become more 

ncarl)’ ovoid or spheroidal in shape. 

Fig ms— a. Pylorjc Glako. noM Sccriow 'There is no sharp line of demarca- 
OF Human Stomach, Suow.jmg Decter . o r j- j ^...inrtp 

Portion op Duct and Assocjateo Co.v- between the fundic and the pylonc 

>0LUTE» SECRETiKO Fu.Nci (Hardwty.) regions, the glands offering a gradual 




Fig ms — A Pyloric Gland, prosi Section 
OF Human Stomach, Show.jmg Decter 
Portion op Duct and Asfocjateo Co.v- 
>OLUTE» Secreting Fu.ndi (Hardesty.) 


transition from the one type to the other. 
Thus, in the human stomach, there is a broad transition zone which contains both 
fundic and pjdoric glands. Indeed, in imn3' indwduals, parietal cells may be diS' 
tributed throughout almost the entire gastric mucosa. 

However, the transition from pyloric to duodenal mucosa is abrupt This »s 
correlated Tvith a discontinuity as regards both the circular muscle layers and 
the submucous lymphatics. These structural conditions at the junction of stomach 
with mtcstme may explain the phenomenon of “pyloric block.” 

Cardiac G/a/tds . — A narrow region, tdiout 5 millimeters in width, at the cardiac 
orifice of the human stomach contains glands whose form corresponds with that 


Horton, 1928 
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submiicosa. In the cardiac region they niay lie very near the free surface of the 
mucosa. 



Fig. 348 — Blood Vessels and Lymphatics or Stomach. (F. Mall.) 

M. mucosa; il/,, musculans mucosae, S, submucosa; 1 and (?, circular and longitudinal 
muscles, A, blood vessels, Ar, artery ; V, vein; B. microscopic anatomy, C, lympliatics. (From 
Szymonowicz-MacCallum, Histology and Microscopic Anatomy.) 


Blood Supply. — The large blood vessels, derived from the branches of the celiac 
axis, enter through the subserous connective tissue of the omentum and form 
arches at the greater and lesser curvatures of the stomach. 

From these arches, arteries lying in the subserous connective tissue are dis- 
tributed to the ventral and dorsal surfaces of the gastric wall. These vessels supply 
branches which penetrate the muscular coat, giving off, on the way, arterioles to 
the intramuscular septum, and secondarily to the intramuscular capillary plexus. 
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Fic 347 — Tunica Mucosa of the Pylorus of Man with the Adjacent Portion of the 
Tela Subuucosa. 

The mucosa contains a large solitary lymph nodule (lenticular gland). X38. 

In the deeper part of the mucosa occasional small lymph nodules, homologues 
of tlie solitary follicles of the intestine, are seen. These nodules (lenticular glands) 
lie just within the muscularis mucosae and do not, as a rule, penetrate into the 
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sections of its anastomosing branches. This latter plexus js much finer and con- 
tains smaller neurons than that of the muscular coat. Pericellular capsules are 
apparently lacking in these plexuses (Muller, Kuntz). The submucous plexus 
distributes its fibrils to the mucosa, where they terminate in and about the walls 
of the Wood and Ijmphatic vessels, and to the epithelium of the secreting glands, 
where they end as varicose fibrils upon the cells. Kuntz suggests that the ganglia 



Fig 350 — Probable Relationship of Sympatuetic Neurons in Myenteric and Submucous 
Plrxusss 


Motor neurons. stipple<!, sensory neurons, solid r, lamina propria mucosae; lamina 
musculans mucosae, tela submucosa; 4, tunica musculans; M, myenteric plexus; S, sub- 
mucous plexus, <7, axons, d, dendrons (Kuntz) 


of the myenteric and submucous plexuses include both motor and sensory neurons, 
and that the fibers which terminate on cells of the digestive epithelium are the 
dendrons of sensory cells. 


Small Intestine 

The small intestine constitutes the longest portion of the digestive tube. It 
connects the pylorus with the colon It measures about yyi meters (24 feet) in 
length It may be divided into three segments; (t) the duodenum, about li inches 
in length; (2) the jejunum, including the upper two-fifths, about g feet, and (3) 


Kuntz, 1Q13 
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and spread out in the areolar tissue of the suhmucosa in which they form an 
extensive arterial plexus. Erauches from this suiimucous plexus enter the mucous 
nicinhranc and form a dense capillary plexus whose elongated meshes inclose the 
secreting glands. 

Xcar the surface of the mucosa these ves- 
sels enter a plexus of small venules which, by 
union, form larger branches and convey the 
blood outward to a venous plexus at the outer 
Iwrdcr of the mucosa, whence it returns to the 
larger t'cins of the submucosa. These veins, 
after receiving venules from the muscular 
coal, fwss outward to the subscrous connective 
tissue in company with the entering arteries 
and fmnlly reach the gastric, splenic and portal 
veins. 

Lymphatics. — Tlic lymphatics arise by 
vascular loops or dilated extremities between 
the secreting glands of the mucosa. At the 
outer border of the mucous membrane they 
form a delicate anastomosing plexus from 
which branchc.s penetrate the muscularis mu- 
cosae and enter a broad submucous plexus 
whose cfTcrcnt vessels pierce the muscular 
coat on their way’ to lymph nodes \vhich are 
situated in the folds of the omentum at either 

curvature of the stomach. 

According to Ilorion “ there is no demonstrable continuity between the sub- 
mucous lymphatics of the stomach and those of the duodenum. The lymphatic 
drainage of the stomach is said to be represented by four distinct areas. The 
largest of these is the area drained by the lymph nodes along the lesser cur\’ature. 
The second most important is (hat in the greater curvature, draining into the 
inferior gastric and subpyloric groups of lymph nodes. The third drains towards 
the splenic group of nodes, and the fourth drains the distal portion of the pars 
pylorica to lymph nodes above the pancreas. 

Nerves. — ^The neiwes of the stomach arc derived from sympathetic trunks, 
the splanchnic nerves, and from the vagi. The itigi are believed to be chiefly 
excitatory, the splanchnics inhibitory in function. The nerves enter with the blood 
vessels and pierce the muscular coat. They connect 'with two plexuses of anas- 
tomosing nerve trunks, the myenteric (Auerbach’s), in the intramuscular fibrous 
septum, which contains ganghontc enlargements at many of its intersections and 
distributes its fibrils to the smooth muscle; the submucous (Meissner’s), lying in 
the deeper part of the submucosa, whidi also contains small ganglia at the inter- 





Fig. 345.— TrsMiNATioN of Svmpa- 

TUETIC Ncnif PlDFJlS. 

A. on smooili mi^dc cell: U. on cells 
of the digestive epithelium, ileum of cat: 
C. on cells of the digestive epithelium, 
stomach of cat: O. on parietal cell, 
stomach of cat. (Kuntz ) 


Horton, ipsS 
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sections of its anastomosing branches. This latter plexus is much finer and con- 
tains smaller neurons than that of the muscular coat. Pericellular capsules are 
apparently lacking in these plexuses (Muller, Kuntz). The submucous plexus 
distributes its fibrils to the mucosa, where they terminate in and about the walls 
of the blood and lymphatic vessels, and to the epithelium of the secreting glands, 
where they end as varicose fibrils upon the cells. Kuntz ” suggests that the ganglia 



Fig. 350— Probable Relationship of Sympathetic Neurons in Myenteric and Submucous 
Plfjcoses. 

Motor neurons, stippled, sensory neurons, solid, i, lamina propria mucosae, lamina 
muscularis mucosae, s, tela suf>m«cosa, 4, tunica musciilaris; M, myenteric plexus; S, sub- 
mucous plexus, a, axons, d, dciidrons (Kuntz.) 


of the myenteric and submucous plexuses include both motor and sensory neurons 
and that the fibers which terminate on cells of the digestive epithelium are the 
dendrons of sensory cells. 


Small Intestine 

The small intestine constitutes the longest portion of the digestive tube. It 
connects the pylorus with the colon. It measures about meters (24 feet) in 
length It may be divided into three segments: (l) the duodenum, about it inches 
in length; (2) the jejunum, including the upper two-fifths, about 9 feet, anti (3) 


Kuntz, 1913 
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die ilemn, incImlinR the lower thrce^fiftlis, aI)ont 14 feet, of Ihc remainder. The 
duodenum Jacks a mesentery, it is only panjaJiy cnvcJo})cd by a serosa, and if 
Jins- tJic Krcatcsl diameter, about 47 niilHmclers (a jncJjcs). Below the duodenum 
tJic cnlilier of tlie .small intestine gradually decreases until a diameter of 27 milii- 

lueter.s (a little over 1 inch) is at* 

/fl /\ laincd, at the end of tlic ileum. The 

A..^\ £4# three portions differ also In the 

♦Vtfl Ar^'/ sJiapc and number of vitli, and in 

^ other histologic details which will be 

! below. The inner surface 
a succession of tall 
the ivh'ulae conni- 
wnles or plicae circufares, invoW' 
ing tlic suhrtmeous layer. Tlitst 
plicae become less closely spaced 
throughout the lower portion of the 
ilcunj and gcncnill)’ disappear to* 
'ard its end. They scr\'c to increase 
tJjc absorbent surface of tJie tnles- 
llnal mucosa, and unlike the villi, 
which arc scattered over their sur- 
face, they ore not subject to varia- 
tions dependent upon altering de- 
grees of distention. 

The stnicture of the serous coat 
of the small Intestine is identical 
with that of the stomach. The mus- 
cular coat consists of an inner and 
an outer layer of unstriped muscle 
fillers irhich are sejwraled by a thin 
connective tissue septum. The inner circular layer is much thicker than tlie outer 
longitudinal. 

The regular disposition of the muscle fibers as an outer longitudinal and an 
inner circular layer serves as a guide to the recognition of the direction in which 
a given microscopical section has been cut. In transections of the intestine the 
muscle fibers of the outer layer of the muscular coat are transversely cut; 
in longitudinal sections of the organ the same fibers are seen in longitudinal 
section. 

Submucosa. — The tela submucosa of areolar connective tissue is identical with 
that of the stomach except in the duodenum where it is penetrated by the branched 
tubulo-acinose mucous duodenal (Brunner’s) glands. The lamina muscularis 
mucosae forms a complete muscular layer and, except in the duodenum, is not 
penetrated hy the glands, 

l^fore accurately both the tela submucosa and the tunica muscularis consist 


FjC, 351 —SrcTlO.V TllPOUCll TJtr, C0.MMF.NCrME.VT 
or THF DuoDEKOxt AT TiiF Pylobus. (Kldtl ) 
s>, Villi; If, apex of a hinphoid nodule; e, crypts 
of Licberkuhn : in, muscularis mucosae; s, secreting 
tubes of Drunner’s glands ; d, ducts of pyloric glands 
of stomach: p, tubes of tficse glands cut across in 
mucous mcwhratic: /. decp'lyinB tubes situatnl in 
submucous tissue, and corresponding with Brunner’s 
glands of the intestine. (From Quain, Anatomy.} 
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of fibers spirally arranged in the manner of a left-handed helix. Carey describes 
the tela submucosa as composed of two sets of fibrils, the inner wound closely, 
making one complete turn in every o 5 to 1 millimeter ; the outer more elongated, 
making one turn in every 4 to 10 millimeters. Similarly, the inner layer of the 
tunica muscularis consists of spirally disposed fibers making one turn every o 5 
to I millimeter ; the fibers of the outer layer one complete turn ever)' 200 to 500 
millimeters. Peristalsis finds its explanation in the reciprocal elongating action 
of the outer loose muscle spiral and the inner close spiral respectively. 

Mucous Membrane. — The mucous membrane (tunica mucosa) of the small 
intestine is divisible into an inner and an outer zone. In the inner zone the corium 
forms finger-like projections, the intestinal viUt, which are covered with tall col- 
umnar epithelium containing many mucus-secreting goblet cells. The villi are 
characteristic of the small intestine, in which alone they occur. They serve to in- 
crease the area of the lining epithelium of the intestine, whose chief function is 
that of absorption. 

The outer zone of the mucous membrane includes all that portion between the 
muscularis mucosae and the bases of the intestinal villi. It is almost completely 
occupied by the simple tubular iutcslwa! glands (or crypts of Licberkuhn). 

Corium, — The corium (lamina propria) of the small intestine, in which the 
intestinal glands are embedded, and which forms the substance of the intestinal 
villi, consists of a fibroreticular stroma which is so infiltrated with lymphocytes 
as to form a diffuse lymphoid tissue. In many parts of the mucosa the lymphoid 
tissue forms isolated nodules, the solitary nodules, or aggregations of such nodules, 
which are known as the agminate nodules or Peycr’s patches. Solitary nodules 
occur throughout both the large and the small intestine. Peyer’s patches are found 
only in the small intestine and are most numerous in the upper portion of the 
ileum. 

Structure of the Solitary Nodules. — ^The structure of the solitary nodules 
does not differ from that of other lymph nodules. They vary much in size, most 
of them being of sufficient diameter to occupy, the entire thickness of the mucous 
membrane. They push aside the adjacent intestinal glands by which they arc 
encircled, and few or no villi project from their free surface. The adjacent villi 
are so inclined that their free ends often hide all but the projecting apex of the 
ovoid solitary nodule. 

The largest of the sobtary nodules not only produce a distinct elevation of 
the surface of the mucous membrane but may even break through the muscularis 
mucosae and project into the connective tissue of the submucosa. The solitary 
nodules, like other l>mph nodules, usually contain a germinal center. 

Agminate Nodules (Aggregate Nodules, Peyer’s Patches). Agminate 

nodules are formed by accumulations of lymph nodules, usually occurring in that 
portion of the intestinal mucosa which is farthest removed from the attachment 
of the mesentery They frequently form oval areas of macroscopic size They 


Carey. • 1921 
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usually mimljcr about thirty, though there may lie fewer, atul frequently many 
more. The nunihcr of their constituent nochilcs is variable, frc(iucntly they contain 
as many as fifteen or twenty. Each of these nodules is usually invested by a thin 
fibrous capsule, though frequently they arc confluent with one another. 



Fig 352- — From a Loncitutinal Sectios through the Duodenum of a Cat. X34- 
(From Szymonowicz-MacCalltini, Histology ond Microscol>ic Anatomy ) 

The long axes of the ovoid nodules exceed the average thickness of the 
mucous membrane so that the patch forms a superficial elevation of the mucosa 
and its deeper surface penetrates the muscularis mucosae and enters the sub- 
mucous coat. Hence occasional fragments of the muscularis mucosae often occur 
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between the bases of the constituent nodules. Villi are found upon the free surface 
of the agminate nodules only in the intervals between the constituent units. The 
largest of the nodules he near the center of the patch, the smallest are found at 
its periphery. The agminate nodules become the chief seats of infection in typhoid 
fever. 


Fig. 353 — The Central Portion of a Fever’s Patch in the Ileum of a Dog’s Intestine. 

a, villi ; b, glands , c, lymph nodules, an agmmatcd follicle ; d, connective tissue of the 
submucosa; c, a portion of the muscular coat. Honatein and eosin Photo. X35 



Above the level of the ileum the largest collections of lymphoid tissue in the 
intestinal mucosa occur in the upper part of the duodenum, where there are exten- 
sive infiltrations of dense lymphoid tissue, many of which contain typical nodules 
with germinal centers. These masses of lymphoid tissue are penetrated by the 
ducts of the duodenal glands, whose secreting portions form a bed upon which 
the l>Tnphoid tissue rests. The duodenal patches differ slightly from those in the 
ileum in that they form a more confluent mass with relatively fewer nodules; they 
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nlso possess a more difTusc character, arc more deeply situated, and are therefore 
covered by the corium of the mucosa which contains both intestinal glands and 
villi. 

lutcstiml ViUi . — The intestinal villi arc long fmgcr-likc projections (from 0.5 
to I millimeter in length) which vary much in form in different mammals and in 
different (portions of the canal in the same indi- 
vidual. Tliey arc jicrhaps most highly dcvelojied 
in the dog. where they form long projections with 
c.K|>.'inded or cluhhcd extremities and a constricted 
liasc or neck. 

In in.in the villi arc of a more conical shape, 
the Imsc licing, as a rule, slightly broader than 
the free extremity. In the duodenum of man they 
possess a foliate shape, in the jejunum they are 
conical or somewhat clax’atc, in the ileum they 
arc gcneraly filiform. The vtlll arc most abundant 
in the duodenum and the Jejunum (24 to 40 per 
s<iuarc millimeter) and less numerous in the ileum 
(15 to 30 per square millimeter) .(Picrsol). Ac- 
cording to Johnson *• they are more or less vari- 
able structures, tbeir shape and height changing 
with (he <legrcc of distention of the tube. 

The villus is formed by a projection of the 
corium which is covered by the lining epithelium 
of the intestine. The axis of the villus contains a 
large lymphatic capillary or lacteal, which begins in the inner third and proceeds out- 
ward through the corium to enter a lymphatic plexus lying just within the rousculans 
mucosae An occasional villus may contain several lacteals. In the base or outer 
portion of the villus the lacteal is surrounded by small groups of smooth muscle 
fibers which arc disposed in an axial direction, and which are ontogenetically de- 
rived from the muscularis mucosae'. Many of these fibers turn outward and are 
attached to the basement membrane beneath the epithelium at the sides and tip 
of the villus. By their rhythmic contraction the muscle fibers of the villus aid in 
expelling the contents of the lacteal. 

The body of the villus consists of diffuse lymphoid tissue having a reticular 
stroma in which the lacteal, the muscle fibers, and the blood vessels are embedded. 

Each villus is supplied with one or more arterioles whicli enter at the base and 
pass to the inner third, where they form an abundant plexus of from 15 to 20 
capillaries about the blind extremity of the lacteal and in the apex of the villus. 
Here they are adherent to the bases of the epithelial cells. The surface of this 
capillary plexus is estimated at about 80 per cent of that of the epithelium. Minute 
venules collect the blood from this plexus, and following the course of the lacteal, 



Fic. 3S4.— LoxciTCDtNAi. Section 
OF Villus. 

G, goblet cell ; L, lacteal ; s, 
striated border of coluintur cell. 


2i Johnson, I9^3 
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make their exit from the base of the villus to join the venous plexus in the deeper 
part of the mucosa (Fig. 357). 

Lining EriTHELiUM. — The lining epithelium of the intestine, which also 
clothes the villi, rests upon a distinct reticular basement membrane and consists of 
columnar and goblet cells. The large number and peculiar appearance of the goblet 
cells is highly characteristic of this tissue. 

The columnar cells are peculiar in that they possess a characteristic striated 
cuticular border when examined under moderately high magnification. They pos- 
sess a finely reticulated cytoplasm and an ovoid nucleus which is situated at the 
proximal end or base of the cell. Frequently the cytoplasm contains droplets of 
fat which arc in process of absorption. Occasional leukocytes find their way into 
the epithelial coat, whence they may penetrate the intercellular substance and enter 
the intestinal canal. 

bitcstiiwl Clauds (Clauds of Licberkuhn, Mucous Crypts). — The intestinal 
glands occur throughout the entire extent of the small and large intestines, includ- 
ing the cccum and the appendix. They arc simple tubules which extend the whole 
depth of the mucous membrane and in the small intestine open upon the free sur- 
face between the bases of the villi. Hence the lining epithelium of the glands 
becomes continuous with that which clothes the vilH. The glands are imbedded in 
the diffuse lymphoid tissue of the corium; they rarely brancli. They consist of a 
lining epithelium and a basement membrane. ^ 

The epUheUum of the glands contains three types of cells: columnar cells, 
goblet cells and the granule cells of Paneth. The columnar and goblet cells resemble 
those which clothe the villi. The columnar cells which line the neck of the glands, 
however, possess only a very indistinct cuticular border and such border is entirely 
lacking in the fundus cells of the glands. The epithelium of the glands appears to 
take no part in the process of absorption and therefore contains no fat globules. 

It secretes a mucous fluid. 

At the neck of the gland the epithelium frequently contains mitotic figures 
which have been demonstrated in man as well as in the lower mammals. Little or 
no mitosis has been demonstrated in the fundus of the gland or upon the free 
surface of the villi. On these facts the so-called wander theory of Bizzozero is 
founded According to this theory there exist in the neck of the glands certain 
indifferent cells which are capable of reproduction by mitosis and whose dau<^hter 
cells move toward the free surface, being at the same time differentiated'^ into 
either the goblet or the columnar cells of the villi. 

Bizzozero originally considered that the granule cells of Paneth at the fundus 
of the glands were intermediate phases in the formation of goblet cells. However 
as there is little or no mitosis in the r^ion where these peculiar cells occur and as 
the granule cells are never displaced toward the surface, it seems more probable 
that, as also in the gastric glands, the indifferent genetic cells of the neck of the 
tubule develop on the one hand the superficial goblet and columnar cells which 
clothe the villi, and on the other hand, the true secreting cells in the fundus of thf 
intestinal glands. 
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The granule cflfs of Pancih '' arc coiirmcd to Ilic extreme tip or Mind extremity 
of the fundus of the glands, Tlicy arc pyratindal or low columnar cells whose 
spheroid,-!! nucleus is shtialccl close to tlic Ijascmcnt fncmljranc. Thdr cytoplasm 
presents a delicate reticulum wliich is fillc<l svjtli coarse granules which in some 
cells are of a basophil nature.** Generally they contain still coarser granules which 
arc strongly eosinophil. The exact function of tlicsc peculiar cells is unkno\sn, but 
tliat tlicy arc true secreting cells seems highly probable. Miram made a careful study 



Fig. 355, — Several Villi from rnr. Small Intfstine of the Doc, in Loscitomsaj, Section. 
a, vitli; b, crypts of Licbcrkulin. Ilcmatem and cosiii. Photo Xt8s. 

of these cells in the smalt intestine of t!ic mouse. He maintains tliat they are im- 
portant in the young for the digestion of milk, f«rliaps by secreting a fat-splitting 
enzyme; and throughout life for the absorption of fat, perloaps also of alhuminoid 
material. 

Still other types of granular cells of unknown significance have been described 
by Kull ** in the fundus of the intestinal glands, and among the epithelial cells 
clothing the villi: (i) acidophil cells, with the basal oxyphilic granules finer than 
those of the Paneth cells; and (2) clwomaffin cells with yellowish basal granules, 
coarser than those of the acidophil cells and finer than those of the cells of Paneth 


2® Paneth, 1888. 
2S Klein, igod- 
2* Miram, ipia. 
25Kun, 1913- 



THE ALIMENTARY CANAL 


357 


These three types of cells are present in man and certain vertebrates; they are 
said to have no genetic relationship. The chromaffin cells of the intestinal epithelium 
were first recognised by Schmidt,-® who designated them as yellow cells.* Ciacco 
reports similar cells also in the duodenal (Brunner’s) glands. Champy^® has also 
described mitochondria in the cells of the intestinal glands. 

The intestinal glands are confined to the narrow deeper zone of the intestinal 
mucous membrane. Their lumen, after fixation, con- 


tains only the coarsely reticular mucous secretion. 

The student should be warned to distinguish care- 
fully between the transverse sections of the tubular 
glands which are confined to the deep zone of the 
mucous membrane and the similar sections of the 
villi which are only found in the superficial zone 
and whose epithelial coat, instead of inclosing a mere 
reticular mass of mucous secretion invests an orgaa- 
ized body of diffuse lymphoid tissue. 

Duodenal {Brunner’s) Glands . — The duodenal 
glands of Brunner are tubulo-acinose glands which 
furnish a muco-albuminous secretion. They appear 
to represent the continuation into the intestine of the 
pylonc glands of the stomach, and they occur in 
decreasing proportion throughout the entire length 
of the duodenum. Around the duodenal papillae, 
however, they become locally more numerous. They 
are sharply distinguished from the pyloric glands by 
their larger size. Moreover, the secreting portion 
of the duodenal glands is only found in (he sub- 
mucosa and the deeper part of the mucous mem- 
brane, where the secreting acini form very numerous 
groups, the tubules of each of which are connected 
with the terminal subdivision of a duct. 

The ducts of the duodenal glands open on the free 
surface between the villi by means of crypt-like 
tubules which are lined by tall columnar epithelium 



Fic. 356— Rkcokstruction 
Model of a Brunner’s 
Gland, from the Human 
Duodenum 

Three partially blended ducts 
pass into the subraucosa and 
end m expanded alveoli X344 
(Maziarskt ) 


and can only with difficulty be distinguished from the adjacent intestinal glands. 
In the deeper part of the mucous membrane the ducts branch and pursue a some- 
what tortuous course to the fimdns of the gland. At the fundus it is found that 
the terminal acini of each subdivision of a duct are invested with a distinct 
fibrous capsule. 


The secreting epithelium of the duodenal glands consists of tall columnar cells 
which surround a wide lumen. When loadri with secretion the cells are swollen 


Schmidt. 1905 Giacco, f-K ~ ' — 

• Also ilesignated arBentalTme colls because of a marked capacity of theu”?ra™?l°^ . 
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and clear, tmt become shrimkcn anti f^nuhr after a period of activity. Their cjto- 
plasm reads to the siiccific stains for nnicm only wlicn these arc applied for a 
considerable time in concentrated solution. The spheroidal nucleus is situated at 



Fig. 337 — ^The Buxjd Vssstts of the 
Small Intestine or a Doc. Drawn 
AFTER an Injected rsEPARATio.v. 


the proximal or liasal end, and as the cell 
fills with secretion the nucleus becomes 
pro/;ressiv'cly flattened. 

Blood Supply, — The Mood supply of 
the .sm.ilj intestine resembles tliat of the 
stomach. The branches .of the mcscnlcnc 
arteries |>ass arotinil the intestinal wall in 
tlic suhscfous connective tissue. From this 
they (xmetrate the muscular coat to 



Fig Villus of Rat, Showing 

Lacteals Injected witk Berlin Blue 
(Ranvier.) 


The arteries are striped, the veins black, 
the capillaries open. A, villi; B, gland;. 
C, muscularis mucosae; D, jubmucosa, £, 
circular, and f, longitudinal layer of the 
muscular coat, a, venule beginning from the 
capillaries of the villus, and at 6, from those 
among the glands, e. artery to the viltus, 
d, venules in the deeper part of the mucosa; 
c main arterial trunk to several adjacent 
villi, i, arterial branch to the glandular 
region ^ Highly magnified (After Mall, 
from Oppel ) 


form Intramuscular and submucous plex- 
uses. From the latter a few branches supply 
the adjacent portion of the inner layer of 
tlje muscular coat, but most of them pass 
to the mucous membrane, in which a plexus 
lies just within the muscularis mucosae 
and distributes its branches to the capillaries 
about the intestinal glands and to the in- 
testinal viiU. 
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The arterj’ of the villus enters at its base, and distributing capillaries along 
its course, forms in the distal part of the villus an abundant capillar}* netivork 
from u’hich efferent venules return by a similar course. The artery, however, is 
found near the axis, the venules near the periphery of the villus. 

Branches from the submucous and mucous arterial plexuses also supply capil- 
laries to the duodenal glands in the duodenum as well as to the solitary and 
agminated lymph nodules. About each of the l}mjph nodules they form circular 
anastomoses., from winch radial capillaries are distributed within the nodule. 

The veins pursue a course similar to that of the arteries. On their way to the 
mesenteric vessels they form mucous, submucous, intramuscular, and subserous 
plexuses, and drain into the portal system. The portal vein and its main tributaries 
lack valves. Valves arc present only in the smaller tributaries, beginning in the 
tunica muscularis throughout the digestive tube and prevailing generally in the 
mesenteric veins. 

Lymphatics. — ^The lympliatics or lacfeals of the small intestine begin in the 
distal part of the villi as Ijmphatic capillaries, each having, as a rule, a pouched, 
blind extremity During the digestion of fats they become distended with a whitish 
fatty Ijmph called chyle. At tlieir origin the lacteals are frequently branched, or 
thej’ may even form a scanty anastomosis. They final!}* unite to form a central 
lacteal in the axis of the villus, which empties into a rich plexus about the intes- 
tinal glands, or like the efferent vessels of this plexus, they may pass directly to 
the larger lymphatic vessels of tlie submucosa. 

From the submucous plexus numerous efferent Ijmphatic vessels penetrate the 
muscular coat, receiving the lymph from the vessels of the intramuscular septum. 
They empty into the larger lacteal vessels of the mesentery which are intimately 
connected with numerous mesenteric lymph nodes. In the mucosa and submucosa 
the lacteals from sinuses which surround the liases of the solitar}* and agminated 
nodules Thus, much of the cliyle is pennitted to come into relation with the paren- 
chyma of these organs before leaving the intestinal mucosa. 

The group of mesenterio lymph nodes generally includes one of relatively 
large size. The mesenteric lympliatics converge on this node. Because of its 
remarkable size it has been spedally named the “glandula mesenterica magna," or 
“pancreas of Aselli ’’ 

Nerve Supply.^The nen-e supply of the intestine is similar to that of the 
stomach. The unmyelinated fibers form an intramuscular myciifctic ganglionic 
plexus (Auerbach’s) for the supply of the muscular coat, and a subumcous plexus 
(Jfeissner’s) which supplies branches to the blood vessels and to the glands of the 
mucosa The finer branches in the mucous membrane penetrate to the villi, forming 
a delicate plexus of naked fibrils about its blood vessels and lacteals, and upon its 
epithelium. ^ 

Intestinal Absorption. — The absorption of fat consists essentially of three 
phase! ■ its absorption into the intestinal epithelium, its secretion into the hmphnid 
tissue ol the villus and its entrance into the lacteal vessels. In an animal killed 
ounng the absorption of fat, the intestinal villi, after fixation by solutions of 
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osmium tctroxidc, conUiin fat in the cpilirclium, ‘the lymphoid tissue and the 
central lacteal 

In the epithelium, fat is contained in the form of fine droplets which are 
most numerous in the distal or free ends of the cells. They arc also found in the 
intercellular spaces. During absorption lire epithelial cells of the villi become much 
swollen and elongated. As the process subsides they return to their former size, 
and become relatively shrunken. When most distended the intracellular fat droplets 
are the most abundant ; as the ceils shrink the intercellular droplets increase rela- 
tively in ntjnibcf.'* The rcla(t<-e size of 
the epithelial cells and the abundance of 
intra-cpilhclial fat is af)parcntly depend- 
ent u}x>n die activity of die processes of 
absorption. 

As to the manner in which the fat 
enters the epithelium there is some 
doubt. Schafer*" suggested tl«t the 
leukocytes by their ameboid activity in- 
close the emulsified droplets in the in- 
testinal lumen and convey them into the 
substance of the villi. It seems more 
, probable that the fats arc saponified in 
the intestinal tract, and enter the epi- 
theimm in solution.'^ Here they are 
again synthesized into neutral (at by the 
activity of the epithelium.** Such a 
process accounts for the abundance of 
fat within the distal portions of the cells- 

certain stages oi aosorpiion Atum carnniic . j • , *i,» 

Siam Highly magnified (After R. Henlcnliaiu. The droplets are then secreted into tne 
from Oppel.) intercellular and subjacent tissue spaces. 

The second phase of absorpdon In- 
cludes the transference of the fat particles to the lacteal This process appears to 
depend partially, at least, upon the activity of the leukocytes (monocjtcs) as sug- 
gested by Schafer, the particles of fat thus finding their way through the diffuse 
lymphoid tissue. According to Reuter,** fat droplets are found in the tissue spaces 
as well as in the lymph corpuscles of the diffuse lymphoid tissue, a fact which 
would seem to indicate that other agettcics aid in the transit of the fat from the 
cpitheimm to the lacteal than are accounted for by the purely mechanical theory 
of Schafer. 

The third phase includes the secretion of the fat into the lumen of the lacteal; 
this is, at least partially, accomplished by tfie disintegration of fat-laden leuko- 



Fto 350— -AfEJc or a.v iNirsTixAt Vbttus 
OF A Rabbit Which Had Errs Fn» with 
Milk. 

The fat tlfoptcis have been blackened by fix- 
ation with ptcric acid and osmium tetroxide 
The figure shows the distribution of (at during 
certain stages of absorption Alum camnne 


saDrago, 1900 
Schafer, 1885. 
\\Ti 5 tehead, ipop 
sspfluger, jpoo- 
s> Reuter, 1902 
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cytes which, by ameboid motion, Iiave found their way into the lacteal. Other fat 
particles may possibly find their way into the lacteal without the aid of the leu- 
l^ocytes — a process which may be more or less dependent upon the vital properties 
of the lining endothelium 

The absorbed fat enters the blood stream via the thoracic and right lymphatic 
ducts. It is transformed into lecithin by the liver and stored in small part in the 
membrane of the erythroplastids. Most of the fat absorbed from the intestine 
reaches the tissues in the form of minute particles (chylomicrons) and is “removed 
and stored as fat by a process of which the details are unknown." ** Carbohydrates 
pass directly through the gastro-intestinal epithelium to the blood capillaries. 
Similarly, the digested proteids enter the blood stream directly as amino-acids. 

In about 2 per cent of all indi\iduals there occurs, attached to the ileum at a level 
approximately 32 inches above the ileocecal valve, a pouch-like appendix known as 
Meckel's dn’ertiadinn It constitutes an anomaly, the result of the persistence of the 
proximal portion of the embryonic yolk stalk; it varies m length from i to 3 inches; its 
distal end may be free or attached to either mesentery or body wall. The wall consists 
of the usual four coats of the small intestine. The mucosa generally includes villi and 
intestinal glands, resembling tlie mucosa of the ileum. In approximately 15 per cent 
of these diverticula the mucosa is of the gastric type, more generally of the fundic 
variety. This type of mucosa is frequently associated with a peptic ulcer of the diver- 
ticulum. In rare instances the mucosa resembles that of the colon, or may even include 
pancreatic tissue. 

The Large Iktcstine 

The large intestine includes the cecum, with the attached vermiform appendix, 
the colon (ascending, transverse and descending portions) and the rectum. It 
measures about 180 centimeters (5 feet) in length, and from 3 inches at the begin- 
ning to about iy2 inches towards the end of the colon. It connects the ileum with 
the anus. The vermiform a])pend«x represents an atrophic vestige of the terminal 
portion of the embryonic cecum. 

The three outer coats of this portion of the alimentary canal are identical in 
structure with those of the small intestine, with a single exception in the irregular 
distribution of the outer layer of the muscular coat, which in the large intestine 
forms three distinct longitudinal bands or thickenings, the teniae {Uncac) coli. At 
other parts of the circumference of the organ the outer muscular layer is slightly 
thinner than in the small intestine. In certain mammals, e.g., cat and cow, the 
longitudinal muscle layer forms a coat of uniform thickness. The colon of the 
horse has four teniae, that of the pig only two. 

Since the teniae are shorter than the other coats of the colon, they produce a 
succession of sacculations or haustra the boundaries of which are marked inter- 
nally by crescentic folds, involving the entire wall, the plicae scmilunarcs. These 
sacculations furnish conspicuous external marks by which the large can be differ- 
entiated macroscopically from the small intestine. Another differential character- 
istic of the colon is the presence generally of fringes and bags of adipose tissue 
attached along the media n border to the serosa, the appendices epiploicae. 

** Bloor, 1939 ~ 
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Mucous Mcmbrauo. — nutcous mcrntwanc o( ibc hrgc intestine may be best 
(Icscrilicd by comparison witli that of the small intestine. If the mucosa of the 
latter organ be considered to contain two zones, a superficial layer of villi and a 
deeper glandular later, that of the large intestine may lie said to consist of only 
the deeper of these rones. It therefore iwsscsscs no villi, and its simple somewhat 
longer (about 0.5 millimeter) tubular glands extend from the free surface almost 
to the muscularis mucosae. Villi arc present, however, in the embryo, but dis- 
appear about the sixth month.” 






Fig 360 — ^TuANSMiasE Section of Colon of Dog. 

Tlie majority of tlic glands arc cut longitudinally, some transversely, a few obliquely. X4S 


Lining Epithelium. — The lining epithelium of the large intestine is of the 
simple columnar variety and has only an indistinct cuticular margin. That of the 
glands contains both columnar and goblet cells, the latter being far more numerous 
than in the small intestine. The large intestine contains no plicae circulares. 

L3Tiiphoid Tissue. — The lymphoid tissue of the large intestine occurs in the 
corium in diffuse form, and as solitary nodules, which latter frequently break 
through the muscularis mucosae and protrude into the submucosa. Lymph nodules 


3* Johnson, 1913 
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are especially abundant in the rectum and in the vermiform appendix. In the 
latter the nodules are more or less confluent, a coiKlition which is not found else- 
where in the large intestine. In the appendix the greater portion of the mucous 
membrane is invaded by hmphoid tissue, and tlic gland.s are much diminished in 
both number and size. (Fig. 361). 

Vascular and Nerve Supply. — The vascular and nerve supply of the large 
intestine is identical in its arrangement with that of the small intestine. The 
mucous membrane contains a capillary plexus of blood and lymphatic vessels in 
the corium about the glands. The nerves of the large intestine include both myelin- 
ated and unmyelinated fibers. The latter supply its muscular coats and blood vessels. 
The former end in naked varicose or knobbed fibrils beneath and upon the 



Fic. 361. — Transection of the Vermiform Appendix of Man. 

The tela submucosa contains three lymph nodules (at the right), two of which have pushed 
beyond the scattered bundles of the lamina muscularis mucosae into the lamina propria of the 
tunica mucosa, a mass of diffuse lymphoid tissue (at the left), and some adipose tissue. Xii 

epithelmm of the glands. The usual myenteric (Auerbach's) and submucous 
(Meissner’s) plexuses appear in the large intestine with the same structure and 
location as elsewhere in the alimentary canal. 

In the redum the lining epithelium is continuous at the anus with the stratified 
squamous epithelium of the skin In this region also, the circular fibers of the 
inner layer of the muscular coat are much thickened to form the internal rectal 
sphincter. Lymphoid tissue abounds in the rectal mucous membrane. Tlie glands 
are less numerous but larger than in the colon proper, and the mucosa is thicker 
In fte lower portion of the rectum the mucosa is thrown into a number of longi' 
tiidinal folds, the rectal colrniws. at which, level the columnar epithelium changes 
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to stratified squamous type. At ahotU the middle third of the anal canal occurs a 
smooth, glistening annular area, the so-cnilcd “pcctcn." 

Heocccal (Colic) Valve. — The ileocecal valve, which guards tlic orifice by 
which the small intestine opens into the large, is formed hy a reduplication of the 
mucous mcmhranc, which is strengthened hy a thickening and overlapping of the 
circular muscular layers o‘f both small and large intestines. The valve itself con- 
sists of an upiicr and lower segment enfolding the slit-like orifice; laterally the 
two folds unite to form the frenulum, which encircles the colpn and marks the 
boundary between it and the cecum. 

The outer longitttditi.il nniscufar layer is continued directly from the u-all of 
the ileum to that of the errum, and therefore pursues a relatively shorter course 
than either the internal muscular layer or the mucous mcmhranc. Section of only 
the outer layer of the muscular coat permits one to straighten the fold of the 
intestinal wall and thus obliterate the \'alvc. In other words, the outer muscular 
layer is not included in the x-alvutar duplication. 

The iflUJina uiusetilans viucosaf is slightly thickened at the margin of the 
valve. At this point also, the villi become shorter and at the margin of the cecal 
surface of the valve they entirely disappear. 

The tabular statement on page 365 of the more jm|x>rtant characteristics of the 
several portions of the alimentary canal may be of assistance to the student in 
the identification of microscopic sections of these organs. 

THE SALIVAEY GLANDS 

The salivary or oral glands include the smaller glands of the oral cavity and 
three pairs of large compound tubulo-acinosc glands, the parotid, submaxillary 
and sublingual glands. The three large i>airs arc commonly designated as the sali- 
\’ary glands proper, the smaller as the accessory salivary glands. All these are of 
the tubulo-acinose type, bv\t certain ones secrete a mucous fluid while others produce 
an albuminous secretion which contains no mucus. The former are known collec- 
tively as the luitcous, the latter as the serous salirary glands. Still other salivary 
glands secrete a fluid which is intermediate in composition, and as these glands 
contain certain alveoli which resemble those of the mucous, and others which are 
somewhat similar to those of the serous glands, this type is known as mixed salivary 
glands. 

The salivary glands may therefore be subdivided into: (i) mucous glands: 
glands on the anterior surface of the liard and soft palate {palathie glaitds) and the 
mucous glands of the margins and root of the tongue; (2) mixed glands: sub- 
maxillary, sublingual, molar, buccal, labial and the anterior lingual glands (of 
Nuhn) ; (3) serous glands* parotid, and von Ebner’s glands at the base of the 
tongue. __ 

The form of the salivary glands will be appreciated by examination of tne 
accompanying diagram (Fig 362) which represents one of the smaller glands of 
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tills type. Tlic Iftrucr ones are constructed in the same manner, the larger Jium* 
her o{ their secreting alveoli or acini arising tlirotigh a more complex duct system. 

The larger ducts ol the glaml arc lined svitli columnar cells, which, as they 
approach their tcrminnlion, become superposed and thus ofTcr a gradual transition 
to the stralifwd squamous cpitlicHmn upon wJiosc surface they oj^cn. Tlie epi'thc- 
Hunt rests upon a basement mcmhratic which, in the larger ducts, is invested with 
a fjhro-clastic coat containing' a few /ottgitndttial smooth muscle fillers. 

The tlucts divide and sulidividc in an arliorcsccnt manner, the larger branches 
lying j'n the connective tissue wImc)i invests the lobules into which the gland is. 
subcVivitlcd, while the .smaller branches arc found within tlw lobule. The duct 
.■system is thus divisible into Interlobular ami iiitralobiilar ducts; the Jailer Include 
generally an excretory portion continuous with the 
inlcrlolmlar duct, a modified soVii'ary jeeretory 
jwriion, and -a coustriclctl mtercotary c^r intermedi- 
• \\ v"*' ■ otf jfortiou connecting with the acinus, 

j ■»' v' ■ ' In the snwllcr glands of the mouth the num- 

Wr of stilHlivisions of the duct system is relatively 
■ •’ : small, hut in the larger salivary gbmds the small 

, I y , ' . ducts arc praetically innumerable. Tims, in the 
*'* *' fy • s«bm.i.v(Hary gl.ind, Flint** found that the in- 

f i''"'.’*' .. „ terlobnlir duct system formed 1500 icnninal 

. ^ ' ** brauebe-s, each of wbicJi entered a lobule and 

J ‘ '< ‘m- was (wrther sulxllvldcd into Intralotndar and in- 

■ . tcrcalary duels before tcnniiialing in the secreting 

‘ acini. The larger glands may therefore be said to 

V ;*/ smaller ottc.s represented in 1‘igurc 

I 363, a relation which is comparable with that of 

^ / N - ^ fulbgroAvn tree to the youngest sapling. 

^ .V' ' The larger salivary glands are cn%Tilopccl by a 

V ' fibro-etastic oipsulc continuous with the adjacent 

' C areolar tissu-c. From this capsule coarse trabcajlae 

enter to divide the gland into groups of lobules, 
r,c s(^~A Shall iWcov, Hw lobes. The lobules are inycstel by more Mi- 

Gianp rnoM THE Orau Mu- calc septa from tlie mtertobar trabeculae, me 

cQSA OF A Rabbit ducts of the interlobar connective tissue may be 

o, mucous alveoh ; f, cpjtlielium designated iaterlabar ducts to distinguish them 

of the orai muOTM; {roni the interlohilar ducts between the lobules. 

bkeO *^'' ° Ttiese are tile f.vr'rctory ducts of the system; the 

salivary intralobular ducts have a secretory func- 
tion. The glandular tissue is bnoivn as the parenchyma, the connective tissue as 
the intersfiual tissue of the gland 

The smaller intralobular (salivary) ducts are lined with columnar epithelium 
whose cells C&ntam two zones, one on side of the centrally situated nucleus- 


Fic 362.— A Smau. Mucous 
Gianp from the Orau Mu- 
cosa OF A Rabbit 
a, mucous alveoh ; r. epithelium 
of the orai mucosa ; w. mouth o{ 
the glandular duct X70 tKol- 
llker.) 
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The distal zone or Iree extremity ol tlve cell is finely granvfiar, the proximal zone 
or base presents a characteristic striated appearance which is apparently due to a 
fibrillar structure of the cytoplasm in this portion of the cell. The basal fibrillae 
are probably, in part at least, the mitochondria which are present in all functionally 
active cells. The epithelium is easily detached from its basement membrane by the 
artificial contraction of the tissues during fixation and hardening. 

The lumen of the ducts is of considerable diameter and contains the reticu- 
lated or granular particles of the secretion. The larger ducts lie in the connective 
tissue septa which invest the lobular groups of acini. Each of these groups is 
derived from the ramifications of the terminal branch of 
an interlobular duct which enters tlic lobule to divide 
into numerous intralobular ducts, and secondarily, through 
a short intermediate or intercalary portion, into the 
secreting alveoli or acini. The intercalary ducts are 
lined with low cuboidal epithelhim and are the smallest 
tubules of the gland. As the duct passes into the acinus 
the tubule is increased in size, and its secretory epithelium 
becomes taller. The tubular acinus is more or less tortuous 
and possesses a sacculated or alveolar appearance. 

The epithelium differs accordingly as it secretes a Fic. 3O3— Intercalary 
mucous or a serous fluid. Thus the acini are either mucous Doers and Acini of 
or serous secreting. 

Serous Acini. — The serous acini contain pyramidal sion Model. 
epithelial cells of sufficient height to fill the tubule almost intralobular 

completely; hence the lumen is very narrow. The form duct ; G. intercalary duct , 
of the secreting cells is somewhat irregular — a fact which ^' 5 % magni* 

apparently depends upon their crowded condition within ^ 
the acinus. The nucleus is situated in the central portion or in the proximal end 
of the cell, and is spheroidal in shape. The cytoplasm is finely granular, the granules 
being more prominent in the distal portion of the cell. 



The epithelium rests upon a basement membrane within which, beneath the 
bases of the secreting epithelial cells, are certain flattened baskct-cclls which here 
and there send short processes between the cells of the secretory epithelium and 
thus provide cup-like depressions which receive the bases of the secreting cells 
371 )• The function and origin of these basket-cells is not at present known. 
They are readily recognized by their deeply stained and flattened nuclei which are 
contained within the thin cytoplasmic cell body. They may be immature acina! 
cells, destined to replace wom-out secretory cells. More probably they represent 
myo-epithehal elements, homologous with tlie similar cells of the secretory por- 
tions of the sweat glands, the mammarj' glands and the ceruminous glands As such 
ihcir contractile capacity would aid in the extrusion and propulsion of the secretion 
The appearance of the secreting epithelium varies wth its activity During rest 
Hie cranular secretion accumulates within the cell, until the nongranular 2one is 
tethtced to a narrow rtm at Its basal extremity and the nucleus is obscured and 
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pushed somewhat liasalwurd. The cell hecoiitcs therefore much swollen and the 
alveolar lumen almost ohliteratctl. During activity tlie sywognt granules arc dis- 
charged into the lumen; tlic cell shrink*, and hecomes clearer; the nucleus apiicars 
more elislinct, and the granular rone hccotncs progressively narrower, the basal 
nongranular zone being corrcspomlingly increased in hreadth. In this basal zone 
elongated granules have been demonstrated, which in part arc to’be regarded as 
prozymogen (basal fdanients of Solger), in |)art as mitochondria. 


Afrmbrffnr 


npillary 


Fic. 364— Serous Acini from Parotio Gland of Man, Snowivo Three Successive Stages 
OF Sfcrftory Actimty. 

In acinus B the symoRcn RMnulcs and ilic basal prcaymoRcn filaments arc conspicuous. 
In acinus C the granules have liquefied and the secretion droplets arc passing into the lumea 
(Hardesty.) 

The serous cells arc provided with systems of secretory canalictiH which, begin- 
ning at the glandular lumen, invest the cell with a network of canals which He m 
the intercellular sutistance and may even semi short offshoots or intracellular 
canahculi into the body of the cell itself. These canaliculi are considered to be 
characteristic of the serous acini and arc not found in relation with the cells of 
the mucous acini (Fig. 36(5). 

Mucous Acini. — ^The mucous acini may contain only mucous-secreting epithe- 
lium, or they may also include certain finely granular acidophil cells wliich resemble 
the epithelium of the serous glands. The former variety of acinus is found in the 
mucous glands at the base of the tongue and in the soft palate; the latter in the 
sublingual gland, in the lingual glands of Nuhn, and in the mucous glands of 
the Ups and cheeks. 

The serous appearing cells of the latter form of mucous acinus are frequently 
arranged, as crescentic groups bordering upon the adjacent mucous cells. Such 
groups are known as the demilunes (of Heidenhain) or crescents (of Gianuzzi, 
Fig- 365)- They occur at the periphery of the acinus, their base being applied to 
the membrana propria, their inner margin sometimes reaching the glandular lumen, 
but more frequently separated therefrom by the overlapping of the adjacent mucous 
cells The demilunes are frequently foimd at the blind extremity of the secreting 
acinus, but they may also occur along its sides. 

The nature of the demilunes is the subject of considerable discussion. Heiden- 
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hain " first advanced the theory that the mucous cells were destroyed during 
secretion, and that the function of the demilunes was therefore to replace the 
disintegrated mucinous cells This theor)* has been practically abandoned, for no 
one has yet demonstrated active cell division in the demilunes, a process which 
would necessarily be concomitant with the rapid development of mucous cells from 
demilune cells. 

Heboid (1S79) ‘s respon-sible for the theory, strongly supported by Stohr, 
that the demilunes represent an inactive, the mucous cells an active phase of 
mucous secretion. The easy demonstration of intermediate stages in many niucus- 



Fic. 3(3 s— From the Subwkcual Glakd op Man 
a, salivary intralobular duct; c, acinus whose cells contain no mucus; s, mucous acini, at y 
with a demilune; sz, mucous cells in the duct. X500. (Kolhker.) 

secreting glands lends strong support to this theory, and in the present state of our 
knowledge it seems beyond doubt that such a process actually occurs in at least 
some of the mucus-secreting glands 

A third theory, advanced by Solger and stoutly supported by Krause and 
others, considers the demilunes to be true secreting cells which form a serous 
secretion and are therefore functionally independent of the mucinous cells. This 
theory receives strong confirmation in the fact first obsen’ed by Cajal (l88g) and 
since that time repeatedly demonstrated, that the demilunes, like the true serous 
cells, are provided with a system of intercellular secretory canaliculi by which the)' 
are placed in relation with the glandular lumen. Moreover, Krause was able to 
demonstrate that granules of sodium indigo sulphate were secreted by these cells 
as also by the true serous cells and the striated epithelium of the intralobular ducts! 
Finally, electrical stimulation of the chorda t)mpani nerve in the cat causes changes 
Hcidenl^in, 1869 
** Solger, 1894 
** Krause, 1895, 1901. 
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in the alveolar cells of the suhmaxilfary gland, while similar 
stlmnlatwii of the cervical sympathetic trunk causes the 
appearance of cytoplasmic vacuoJalions in the demilune 
cells.**’ 

The nwtcws-secrcliiig cells cxaminwl in tfie fresh state 
present a dear, highly refractive appearance. They closely 
rcscnihle tlie typical goWet cells, hut hjstca<I of lielng iso* 
latcd amoj)g the granutof serous ceJU, they may invest the 
entire acinus, or even the whole of a small lobule may 
contain only mucMs*sccrci{ng cells. 

After the customary prqjaration hy fixation and stain- 
ing, the mucous cells present a coarse liasophilic reticulum 
which occupies the chstaf jiortlott of the cell. Coarse 
granules, with proper fixation and in. fresh tissue as well, 
can he demonstrated within the meshes of the reticulum. 
These granules are readily colored hy the so-called specific 
mucous stains (Mayer’s muchematem and mucicarmine, 
safraninc, and tluonm). 

In the mucous cells the nucleus is crowded to the base 
or proximal end of the cell am) flallcned against the base- 
ment membrane. It is surrounded 1^* a small remnant of finely gramitar cytoplasm, 
which, after the discharge of the muws during secretion, is presumably capable 
of reloading the cell M'Uh its uiuchtous content. 

We will nosv consider the more important pccuHar'uics of each of the larger 
salivary glands. 

Pwotid Gland. — This is the largest of (he salivary glands and in man, sheep, 


Fjc. 366— Mucous Aast 

OF Tiir. RtT:not.iNcUAL 

GtANo OF THR Rat. 

T>ic ducts .and secre- 
torj* capillaries have been 
tilacV-cncd. r, demilunes 
nith secretory cap>lJ.srics; 
j, mucous cells. GoIrI 
method. X 500 (KolUker.) 



Fig. 367.— Tnn Arrakgemekt of the Ceixs tu a Mixed Salwarv Glano. 
a intralobular duct, o', intercalary duct; b, swrous-secreling tubules; e, mucus -secreting 

tu bules; ((.demilune. (Krause) 

•<®Ra\vhnson, Ip33 


THE SALIVARY GLANDS 


37 ^ 



Gland; and D, Panxbeas. (Sobolta.) 

fli, interlobar duct; o,. interlobular duct; sr, salivar)* intralobular duct; s, intercalary duct; 
/iMi^demilune; Is, serous'alvcolus; Im, mucous alveolus. 

dog, cat and rabbit is purely a 
serous-secreting organ However, in 
sheep, dog and cat it contains also a 
variable number of mucous alveoli 
during the first year; these degener- 
ate and entirely disappear during the 
second year.^‘ 

It IS situated in front of the ex- 
ternal ear, and overlaps mferiorly 
both faces of the upper portion of 
the ramus of the mandible A vari- 
able number of small accessory 
lobules, including mucus-produemg 
alveoli, lie along the course of the 
main parotid (Stenson’s) duct. The 
hitter opens into the mouth at the 
level of the second upper molar. 

The parotid is invested by a dense 



Fig 369 — From a Section of the Human 
Parotid Gland. 

I. lumen of a serous acinus ; sch, intercalary duct • 
sr, intralobular duct; T, secreting acini. Hemat- 
oxylin and eosin. X280. (Sobotta.) 


fibro-elastic sheath, septa from which divide the gland into lobes and lobules The 
lobes and lobules are firmly united by the dense but narrow bands of connective tis 
'ue jthese contam the larger ducts, blood vessels. Ij-mpl.atics, and a few small ganglia 
1 be secreting ac.nl are relatively long and tortuous; they are frequentlv 

;glfjl ^aan. appear slen der and their lumen is irregular, indistinct, and verv 

Rrock and Trautmann, 1014 
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row. The “basket cells" upon which the secreting cells rest are highly developed 
in the parotid and often form a cotnplclc investment for the acinus. 

The acini of the parotid arc all of one type. The only other tubules within 
the lobules of this gland arc the intercalary and the intralobular or salivary ducts. 
The former arc charactcrl/c<l by their vcr>* narrow caliber and low epithelium. 
They are slender tubvdes which on the one side from tlie acini and on the 
other into the branched terminals of the more spacious salivary ducts. The salivar)’ 
(secretory) ]>ortion of the intralobular duct has a somewhat greater diameter also 
than the excretory ]iortion. which is histologically similar to the interlobular ducts. 
In the parotid the salivary ducts are relatively short as conijwrtd with the inter- 
mediate ducts, hut arc readily recognized I»y their striated columnar epithelium, 
which is deeply colored hy acid dyes (cosin, etc.), and arc thus sharply dis- 
tinguished from the secreting cells of the acint, which stain jworly with these dyes 

SubmaxUlary Gland. — In man and in most manimals this organ is a mixed 
salivary gland ; that of the hear and dog contains the largest, that of man and the 
apes the smallest proportion of mucous acint.*® In man the proportion of mucous 
to serous alveoli is about one to five. In the rabbit, rat and guinea-pig the sulv 
maxillary is a serous-secreting gland, containing only serous acini. The sub- 
maxillary gland is situated in the floor of the month under the posterior portion 
of the mandihle. The main suhmaxlllary (Wliarton’s) duct oi^cns into the mouth 
one on cither side of the frenulum of the tongue, sometimes joined by the duct 
of the sublingual gland. 

The serous acini of .the submaxillary are shorter and less tj’pically tubular 
than those of the parotid, and they are lined with taller secreting cells. The diam- 
eter of the acinus is therefore slightly greater in this gland than in the parotid. 
Its mucous acini contain a relatively large proportion of demilunes. 

The intercalary ducts arc considerably shorter than in the parotid, while the 
salivary intralobular ducts are much longer In the submaxillary. The interlobular 
connective tissue is not quite so delicate as in the parotid.- It contains many sympa- 
thetic ganglia of relatively large size. Small lamellar corpuscles of simple construc- 
tion are occasionally found in the interlobular connective tissue (Krause). 

Sublingual Gland. — This is the smallest of the three pairs of large salivary 
glands. It IS not invested by a distinct capsule. It lies under the floor of the mouth 
anteriorly, one on either side of the frenulum. It is a mixed gland in man, dog, 
cat, sheep, pig and rabbit It differs front the subma-xillary, however, in that all of 
its acini are mucous. It becomes “mixed" by reason of the presence of very many 
demilunes (serous cells). Although isolated sections 'vhich pass through the larger 
collections of demilune cells may appear as sections of serous-secreting tubules, 
if examined m longitudinal section or by reconstruction the true mucous character 
of each lobule is apparent Many of the terminal acini of the sublingual gland, 
however, although much branched, contain no demilunes. In the guinea-pig 
demilunes do not occur m association with the mucous acini. The basket cells are 
readily recognized in the acini of this gland though they are less highly developed 


*2 Kraus-e, 1897- 
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Fig. 370— Section of Human Submaxillarv Gland, Showing Intralobular Duct, Pre- 
dominating Serous Acini and a Small Group of Mucous Acini X800. 

here than in the parotid. Its intralobular duct system lacks intermediate ducts, and 
is largely of the salivary type. 

Accompanying the sublingual gland proper, or larger component, are a variable 
number (5 to 20) of accessory sublingual 
glands of various sizes. They consist largely 
of mucous alveoli, each gland opening into 
the mouth by an independent duct. The duct 
of the sublingual proper (duct of Bartholin) 
opens at the side of the frenulum. 

Blood Supply. — The salivary glands pos- 
sess a rich blood supply. The arteries 
accompany the glandular ducts within the 
interlobar and interlobular connective tissue, 
and thus reach all the lobules of the gland. 

Small arterial twigs enter the lobule from all 
sides and form a rich capillary plexus in the 
delicate connective tissue coats of the acini. 

The capillaries are thus brought into intimate 
re ation w ith the secreting cells, from which they are only separated by the base- 
ment mem rane of the acinus. The veins return by a similar course, the smallest 


n ;, f - • ' - 
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Fig. 371 — Tangential Section of Ser- 
ous Alveolus of Submaxillary Gland 
OF Man Showing Two Basket (Myo- 
epithelial) Cells. 

Iron hematoxylin stain (Zimmermann ) 
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venules passing out of the IoI)t4c into llw; connective tissue septa in which they 
retrace tlic course of the arteries. 

Lymphatics. — I.ynipljntic.s arc rclatit'cly few arul arc for the most part con- 
fined to the intcrlolmlar sept.n. Here they form cicft-h'kc sjaccs which lead to true 
iyinphalic vessels and so on to the lymph nodes of tlic cervical rc^don. 

Nerve Supply. — ^Thc saltTOrj’ glands are abundantly 
supplicil with nerves, which arc derived from Iwlh sym- 
jxnthctic and ccrchral trunks. They arc distributed to the 
walls of the blood s'csscfs and ducts, and to the sccretinij 
cells of the acini. The nerve trunks ore found in (he inter- 
lobular connective tissue tvhcrc they arc supplied with 
siinll ganglia wliicli arc most abundant in the subraaxil- 
lary and least numerous in (he parotid gland. 

The syni])nthetic fibers which inncxv'ate the Mood ves- 
sels procecrl from (he sujwrior cen’ical ganglion. Tliey are 
believed to I)c \*asodlIator fibers. The cerebral ner>’es. 
which supply fibers to the gland cells, arc the facial and 
(be glossopharyngeal. 

The parotid gLind is 
supplied by the glosso* 
pharyngeal; the fdicrs 
(secretory and vaso- 
constrictor) passing 
by way of the tym- 
panic ncr\'c (ncn'c of 
Jacobson), sm.ill su- 
perficial petrosal, otic (sympathetic) gangliou, 
and the auriculotemporal branch of the inferior 
maxillary division of the trigeminal nerve. The 
submaxiilary and sublingual glands receive their 
secretory fibers and vasoconstrictor fibers from 
the trigeminal nerve, by way of the chorda tym- 
pani nerve and the subma-xillary (sympathetic) ganglion. The fibers beyond the otic 
and submaxiilary ganglia are believed to be true postganglionic fibers; that is, 
axons of cell bodies situated in these ganglia. Sensory fibers are said to pass to 
the ducts. 

Delicate fiber bundles from the interlobular nerve trunks enter the lobules an 
form a plexus of naked fibrils about the walls of the acini, knoivn as the 
mol plexus, from which terminal fibrils pierce the basement membrane and as 
hypolcinmal fibers end in contact with and between the secreting cells. Small ter- 
minal expansions, varicosities, or end-knobs are found in the .course of the hypo* 
lemmal fibers. 



Fic. 373. — Nerve E.vdixcs i.v a 
Sai-ivaby Glaxo. 

H, demilune ; f, secreting acin* t ”> 
nerve fibrils. Highly magnified. (Ret* 
zius, from Rauber.) 



Fjo. 37a— F rcohstruction 
A foort. OF TIIF SUBLt.V- 
cuAL Glasd of Man 


An iniralolnilar duct ter- 
minating in salivary ducts 
and acini. X2S5. (Maziar- 
ski.) 
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the pancreas 

THE PANCREAS 

The pancreas is a flat elongate body king behind the stomach between the 
loop oi the duodenum and the spleen. It arises from two primordia; a smaller 
from the common bile duct (ventral pancreas), and a larger from the duodenum 
(dorsal pancreas). These primordia arc located in the ventral and dorsal mesen- 
tery, respectively. They subsequently fuse to form a single organ drained mainly by 
the duct of the ventral component, which has meamvhde made an anastomosis 
with that of the dorsal component, the latter proximal to the anastomosis never- 
theless commonly remaining pervious and functional The pancreas beats a close 
structural resemblance to the salivary glands, mote especially the parotid. It is 



Ffc 374 — Early Stages in the Bfvelopmejtt of the Pancreas. Illustrating Conditions 
IN THE Five and Seven Weeks’ Old Human Embryos. 

Dp, dorsal paiwiceas. Vp, ventral panoteas. Pd. lancreatw (Wimng’s) duct; accessory 
pancreatic (Santorini’s) duct, Och. ductus choledochus, cd, cystic duct; Hd. hepatic duct 
(Adapted from KoIIman ) 

enveloped by a thin areolar capsule, extensions from winch divide the or^an into 
lobes and lobules. It is a compovtnd tubulo-aonosc gland which contains an itninensc 
number of small lobules associated into lobes and which pours its secretion into 
the lumen of the duodenum by means of the chief (Wirsung’s) and accessory ( San- 
torini's) pancreatic ducts. The lobules are united by a delicate and relatively very 
loose fibro-elastic connective tissue. The capsule lacks a peritoneal investment except 
on the anterosuperior and the inferior siirfaces. 

The ducts of the pancreas branch and arborize in the same manner as those of 
the salivary glands. The interlobular ducts are lined with a single layer of col- 
umnar cells; in the larger divisions (interlobar ducts) occasional goblet cells are 
found. The wall of the interlobular pancreatic ducts is much thicker than in those 
of the salivary glands, for they possess a much thicker connective tissue coat, in 
which are also many longitudinal smooth muscle fibers 

On entering the lobule the duct is immediately transformed into the intercalary 
(intermediate; junctional) type. In the pancreas there are no specialized intra- 
lobular ducts lined with columnar stnat^ epithelium as in the salivary glands. 
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Tlic intercalary ducts arc very slender tubules wliicli arc lined wiili low columnar 
or flattened cpillicliiun. Ilecausc of the absence of larger intralobular ducts the 
intercalary jwrtions arc relatively very long and much branched. 

On approaching its lerniinafion the lining cells of an intercalary duct are still 
more flattened and often ac<]utrc a considerable breadth. They arc elongated In 
- - ■ the direction of the long axis of the tubule, and 

in .surface viciv have an irregularly polygonal out- 
line ( Hensley). TIjcv pass Into the acini in a peculiar 
I manner. Iiisic.a(l of ofTcring a direct transition from 
the <luct epithelium to tiuit of the acinus the cells 
foniicr fre- 

■ qucntly appear as if /# 

tcfcscopcd into the ff 

fr«/ro-nr/- 

'V ■ ' Langcr- jjlV 

•'•re pro<iuce(l. 
and consequently the 
ccntro-acinosc cells 
•' corre.si)ond closely in 

- " I appearance with those 

Fie. 37 S.-T«o Aclvi from Ho- intercalated 

SIAN Pancreas. Showing the duels. They 51*00) to 

Krution or TUB Iktfbcamry ocaipy the lumen of £L^'^lir\J 

Ducr TO the Centro-acinose .. , _ 

Cell Groups. (Hardesty.) /JW 

only separated from 

the distal ends of the acinose cells by the secretory- 376 -- Reconstruction 

capillaries which place the secreting cells in communi- Moun. of the Homan 
cation with the lumen of the duct. The centro-acinosc Pancreas 
cells are characteristic of the pancreatic acini. The interlobular duel 

The Acini. — ^The acini of the pancreas possess an end in 

• t . f I f , f * f I j'l . .. \^hidi, after branching, eno m 

irregular tubular form with frequent alveolar dilatations, 3^101. X344. (Manarski ) 
Their lining epithelium rests upon a reticular basement 

membrane within which are thin myo-cpithelial basket cells. A delicate connective 
tissue stroma invests the acini. 

The secreting cells are tall and irreguhirly columnar or pyramidal in shape. 
Their nucleus lies in the proximal third of the cell and is surrounded by reticular 
or very finely granular cytojilasm. Tlie cy'toplasm of the inner zone of the cell, 
on the other liand, is filled with coarse zymogen granules whose number is depend- 
ent upon the activity of the gland. During fasting the granules accumulate until 
eventually they almost completely fill the cell, but during digestion they disappear 
with the discharge of the secretion, the width of the granular zone gradually de- 
creasing, that of the nongranular fibrillar basal zone being correspondingly enlarged 
(Figs. 378, A and 5 ). 


Morel of the Homan 
Pancreas 

The interlobular duel gives 
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With the increased breadth of the basal zone during secretion, there appears in 
this portion of the celi a structure which has been described by Nussbaum “ as 
the Nebenkcrn, and which has been carefully studied by Mathews.“ This is a 
spheroidal basophil body which lies near the nucleus and is frequently surrounded 
by a clear area of cytoplasm (Fig. 379). Its origin and function are undetermined 
and it is possible tliat several distinct bodies liave been included under the name. 






Fic. 377— Section of Human Pancreas, Showing One Islet (of Lancerhans) and 
Numerous Acini, Several with Associated Intercalary Duct. 

Portion of an interlobular duct appears at the lower right hand border. (Hardesty ) 

Ogata*® considers that it is derived from the nucleus by the extrusion of its 
plasmosome, an opinion which seems to be shared by von Ebner.**^ The studies of 
Mathews have shown that at least in certain instances it is distinctly fibrillar and 
suggest that it may be concerned with the mechanism of secretion. It most probably 
represents a postsecretion remnant of ergastoplasmic basal filaments. 

In addition to this fibrillar complex of basophilo us substance, there may be seen 
** Nussbaum, 1885 
** Mathews, 1899. 

*® Ogata. 1883. 

*®von Ebner, 1902. 
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in appropriately fixed and staincxl prcfMrallons, another group of fibrils, the mito- 
chondria. These can be seen in fresh acinose cells and in tissue prcscr\'cd in neutral 
fluids, when they also give to the Kasai i>ortion of these cells a striated appearance. 
These basal bodies have been extensively studied by Hensley in the pancreas of 
the guinea-pig, and their indciK-ndencc from the basal filaments of Solgcr estab- 
lished. Mislawsky** also studied the mitochondria in the acinose cells of the rabbit’s 
pancreas. lie fin<ls no evidence to indicate that they segment into the zymogenic 
granules. They arc dcscrihed as interstitial elements of the protoplasmic reticulum, 
more probably conticcted svilh the general cell mclalioHsm. There is apparently no 
good evidence in support of the idea that either the basal filaments of Solger or the 
mitochondria give origin to secretory grannies, by a jirocess of segmentation. 



Fic 378— CrtLs moM Paxcreas of Neciurus. 

A, after rest, and filled with zymogen granules; D, aficr activity, showing the presecretloa 
(basal, crgastoplasinic) filaments, and the so-callcd nebenkern (N). (Mathews.) 


Pancreatic Islets. — ^Thc lobules of tbc pancreas contain, in addition to the 
acini and ducts, certain larger and smaller spheroidal collections of polyhedral 
cells which lie in the mter-acinosc connective tissue, the /'Qiicrcalic wfefs {islands 
of Langerhaus; intralobular or inlcrah’colar cell groufs). The islet cells arc 
arranged in irregular cords, frequently only two cells deep, lying in the meshes 
of capilliform sinusoids, from which they appear'to be separated by little more 
than the endothelial wall. The cells arc divisible into two distinct, apparently inde- 
pendent types, on the basis of their granular content.^® The A and B granules differ 
morphologically and mlcrochemically ; it is su^ested that they indicate twofold 
secretion. Cells with B granules are the smaller and more numerous cells of the 
islets. Granules of the A type are preserved by alcohol, those of the B type by 
chromesublimate solutions; both varieties are dissolved by acetic acid The granules 
of the islet cells of both types differ markedly also from those of the acinose cells. 
The islet cells of B type are believed to be the active elements in the elaboration 


^Tfiensfey, R. R-, xQir 
MIslawsky. 19^3 
< 9 Lane, 1907 


Fio. 379— Two Adjacent Acini from the Guinea-pic’s Pancreas. 

The one at the right shows an entering intercalary duct and two centro-acinose cells. The 
acinose ceils are filled proximally «iih a basopbjJous substance (basal filaments), and contain 
distally numerous alveoli, the representatives of dissolved zymogen granules. Xiaoo (Bensley.) 

The islets are of various sizes, ranging from those with only a few or even a 
single cell to those with many cells {3 millimeters in diameter). The number of 
islets also varies greatly in different individuals. Thus De Witt estimated the 



Fig, 380— Section of an Acinus from the Guinea-pig’s Pancreas, Showing the Basal 
Mitochondrial Content and the Central Zymogen Granules. 

Bensley’s mitochondrial technic Xiaoo (Bensley.) 

Bensley, R R., 1915. ^ 

** Bloom, 1931 
*2 De Witt, 1906 
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amount of islet tissue in three apparently normal subjects at 1-25, 1-50 and 1-125 
of the total volume of the pancreas. By means of inlravitam stains (neutral red 
and janus Rreen). Bcnslcy succcctletl in stainlnp (lifTcrcntially the islets of the 
guinea-pig’s pancreas. He counted from 13.000 to 56,000 in different specimens. 
Clark ** employed tin’s nictliod in a study of human pancreases secured shortly after 
death, and estimates the average numljcr of islets at 12 per milligram. In one male 
subject of twenty-four years and 140 {lounds weight, he estimated the total number 
of islets at 1,760,000; in another of twcnly-nmc years and 135 pounds weight, only 
662,166. Opie“* first obscn,’C(l that the islets were more abundant in the tail and 
least abundant in the head of the pancreas; this o!)serv'ation is confirmed by both 
Clark and Hensley. Lagucssc dcscrilicd the islets In continuity with the ducts 
of the acini. Such continuity is described also l)y Hensley for many of the islets in 
the guinea-pig’s pancreas, Hensley’s studies have disclosed tlicsc further points of 



Fig. 381.— Intercalary Duct with Dranciies, moxt Pancreas of GuiNEA-rin, Siio^vinc 
Highly Brancsier Tubules Connected wmi the Duct and with an Islet. 

Intravitam staining ^^itl^ pyroninc and neutral red, Xso. (Bcnslcy.) 

relationship hetw’ccn the islets and the rymogenous parenchyma: Islets may be 
located (i) in the interlobular connective tissue, but connected with the duct system 
by solid cords; (2) in the lobules. Unconnected with the acini (encapsulated), but 
directly connected with the interlobular duct system; (3) in the lobules, and m 
connection with cither acini or ducts or both (these include the great majority) > 
and (4) islets unconnected with either ducts or acini, both in the interlobular 
connective tissue and in the acinose larenchyma. 

The tubules (intercalary ducts) arc said to branch and anastomose freely and 
10 be capable of differentiating either into acini, or Islets, or both. They may pro- 
duce also small mucous glands which open into the tubules; and single islet cells 
may be formed along the ducts. Notwithstanding their intimate development^ 


8» Clark, 1913 
54 0pie, 1900. 

88 Lagucssc, igii- 
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relationship the islets remain isolated from the general exocrine parenchyma, since 
the lumen of the connecting tubules does not penetrate its substance. There is no 
satisfactory evidence to show that islet tissue may be increased or diminished, or 
that acinose tissue may change into islet tissue, or vice versa, concomitant with 
experimentally induced alterations in nutritive and functional conditions, as has 
been repeatedly claimed; nor is there evidence of a transition between islet and 
acinose cells. Islets and acini have a common embryonic origin, but once differen- 
tiated they are not capable of transformation one into the other.^® The islets appear 
in the human pancreas when the embryo attains a length of 50 millimeters. 

Both acinose and islet tissue may regenerate extensively. Experimental reduc- 
tion of pancreatic tissue in the rabbit by means of excisions or duct ligation stimu- 



Fig 382 — Islet of Lancerhans of Human Pancreas, Surrounded by Acini (Pac). 

TVie pancreaiic islet comprises three types of granidar cells, A, B and D. The reticular fibers 
are stained blue. Mallory-aaan stain. (Bloom ) 

lates hitherto indifferent duct epithelium to differentiate into islet and acinose cells. 
Grauer ” reports a case in which he reduced the pancreas of a rabbit to only a sys- 
tem of branching ducts, and secured restoration to approximately normal conditions 
within twenty-five days. 

The islets constitute an endocrine organ secreting insulin, a substance essential 
for the normal metabolism of sugar. Opie and many others have shown that when 
the pancreas is removed, a form of diabetes follows, characterized by the appear- 
ance of sugar in the urine. When the pancreatic duct is simply ligated, the flow of 
pancreatic juice is checked and atrophy of the acinose tissue en sues, hut no disturb- 
** Bensley, R R , igii. 

Grauer, 1926. 
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arice in carbohydrate ntctahohsnt restilts, nor is any alteration produced in tlie islet 
tissue. Moreover, in cases of dcatli following dial)ctcs mcliitus, Opie demonstrated 
gross degenerative changes. Homan’s** experiments have extended the evidence in 
support of the conclusion tliat the islets arc concerned in the tnctalwlism of sugar. 
When more than three-fourths of ihc /lancrcas was removed in aits, the main duct 
Ijcing left intact, f.atat dialxjtcs occasionally followed. Microscopic c-tamination of 
the islets revealed the following amditions: (1) in those instances where diabetes 
did not follow the ojxiration, the islet cells showed signs of overactivity indicated 
in part hy a disappearance of .sccrctoiy' granules; (2) in the subjects which died 
from diabetes following the operation, the islet cells showetl degenerative changes, 
the acinose tissue having remained unaltered. 

Blood Supply. — ^Thc large blood vessels of the pancreas accompany the inter- 
lobular ducts, hut after rcpealccl .siilKlivision these vessels jart comjany, and the 
smaller arteries pursue a scp.iratc course through the intcrlohufar connective tissue. 
Thus they reach all portions of the gland and supply capillaries to the intralobular 
connective tissue about the acini. Certain arterial branches also enter the islets and 
form an especially rich plexus of broad capillaries (sinusoids) within these cell 
groups. The veins return the islet bloal hy a sitniJar course. 

Lymphatics. — ^The Ij-niphatics arc mostly confinct! to the interlobular tissue, 
where they are in relation with the Wood vessels. 

Nerves. — The nerves arc derived from the s>Tnpathctic system, and occur as 
small trunks within the interlobular connective tissue. Numerous small ganglia 
occur in their course. As in the sali\*ar>' glands the ncn’cs supply the vascular 
walls. About the secreting acini they form a delicate network of jwked fibrils, from 
which end branches penetrate the basement membrane and terminate upon the 
secreting cells. Lamellar corpuscles arc occasionally found in the interlobWar con- 
nective tissue of the pancreas. 

Resume. — Finally the attention of the student should be specially directed to 
the presence of the pancreatic islets, the ccntro-acinose cells, the very distinct inner 
granular and outer fibrillar zones of the secreting cells, the thick walls of the inter- 
lobular ducts, the absence oLintralobular ducts except of the intercalary tjpe, and 
the loose character of the interlobular tissue as the distinguishing characteristics 
of the pancreas. 

THE LIVER 

The liver is the largest gland of the body, and may be classed as a peculiar form 
of compound tubular gland whose cells resemble the serous-secreting type. The 
organ is invested with a connective tissue sheath, the greater portion of whidi is 
clothed with peritoneal epithelium. From this connective tissue capsule, fibrous 
bands or septa are continued into the substance of the organ and permeate to all 
its portions. These processes of connective tissue, collectively forming the capsule 
of Glisson, are most abundant at the transverse fissure where they contain the large 
blood vessels and hepatic ducts — this fissure serving as a hilus for the organ. The 
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liver is very irregular in outline and shape, and comprises four lobes of unequal 
size. In the adult its weight is about one-foitieth that of the body, about 3 to 3j4 
pounds. The parenchyma of the organ arises from a tubular outgrowth of the 
embrr-onic duodenum, hence entodermal. The interstitial tissue develops in part 
from” the mesenchyma of the caudal layer of the primitive diaphragm (septum 
transversum) and of the intervening ventral mesentery throughout which the 



Fic 383 — A Lobule of the Pic’s Liver; the Central Vein Lies in the Middle of the 
. Figure. 

a, capsule of Glisson. Hematein and eosin. Photo X115. 

entodermal tubules ramify, and in part (the reticulum) from endothelium of the 
original venous sinusoids. 

The liver is dependent for its structural characteristics upon the peculiar dis- 
position of the connective tissue of GUsson’s capsule, as also of the blood vessels 
whose branches it contains By these tissues the substance of the liver is exten- 
sively subdivided into minute collections of hepatic cells, each group forming an 
anatomic unit, the hepafic lobule, which in addition to the hepatic cells contains a 
connective tissue reticulum and the smaller Wood vessels and secretory capillaries 
(bile canaliculi). ' 
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Tlic Iicpatic loliiilcs arc of cylttulrical stuijK*, al»out 2 millifiictcrs in Icnptli and 
1 millimeter in (Unmetcr (Hailey). In transverse section ilicy present a polygonal 
(hexagonal or pentagonal) ontllnc. In the dog tlicy arc slinrt iwlyhodra afwut 07 
milllnieter high, and 0.7 millimeter in diameter; the entire liver containing 480.000." 
They arc analogous to the Inlmles of comixmntl tnlinlo-acinosc glands, inasmuch 
as they contain the secreting jwrcnchyma of the organ. They arc very different 



in the arrangement of the secreting cells which, in the human liver, do not present 
either a tubular or acinose structure, but form solid cell columns. Thus in the 
human liver the tubular character of the gland is scarcely apparent, yet in the liver 
of many of the lower animals, notably in tliat of the turtle and frog, the cells form 

typical tubules within the indistinct hepatic lobules. 

s»Mall, 1906 
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The bile formed by the liver cells is conveyed to the duodenum by an excretorj' 
system, beginning with innumerable interlobular bile ducts which receive the intra- 
lobular secretory capillaries, and, leaving the lobule from all its sides, find their 
way through the interlobular connective tissue of the capside of Glisson and unite 
with their fellows to form larger and larger bile ducts. These finally join to form 
the main excretory or hepatic duct The latter unites with the cystic duct of the 
gallbladder to form the common brie duct through which the bile reaches the 
intestine. The gallbladder — which is in principle a diverticulum from the hepatic 
duct — is simply a reservoir for the storage of bile; it is absent in some animals, 
for example, the horse and the elephant. In all their course the bile ducts are in 
close relation with the radicles of the portal vein and of the hepatic artery — the 
group of vessels which, together with their supporting (interlobular) connective 


tissue and the included nerve and lymph 
channels, form the so-called portal 
canals. 

Hepatic Connective Tissue. — ^The 
hepatic connective tissue, or the support- 
ing tissue of the liver, includes the cap- 
sule of the organ and the capsule of 
Glisson — the latter forming a framework 
throughout the liver and inclosing its 
hexagonal lobules — together with the 
more delicate intralobular reticulum. 
These tissues convey the blood vessels, 
lymphatics, nerves, and bile ducts. 

The fibrous framework, which forms 
both the outer fibrous capsule of the 
liver and the capsule of Glisson, con- 
tains both collagenous and elastic tissue. 
Elastic fibers are fairly abundant — a fact 
which sharply contrasts with the complete 
absence of these fibers from the interior 



Fic 385. — From a, Sectiox or the Turtle's 
Liver, Shoui.vg the Tubular Arrange- 
ment OF THE Parenchyma. 
a, blood capillary, partially filled with clotted 
blood; b, i-ascular endothelium; c, granular 
central portions of the hepatic cells; d, per- 
ipheral portion of the hepatic cells Osmium 
tetroxide; carmine. X400. (Shore and Jones ) 


of the hepatic lobules. 

The intralobular connective tissue is extremely delicate, and consists of very 
fine reticulum fibrils and stellate cells which form a delicate stroma, in which 


the capillary blood vessels and columns of liver cells are suspended. The anas- 
tomosing strands of reticulum converge from the periphery toward the center of 
the lobule, thus following the course of the blood capillaries and cell columns. This 
reticular tissue exists in so small a quantity and is so extremely delicate that it can 
scarcely be discovered in the minute clefts between the cell columns and the blood 
capillaries. However, it can be readily studied after removal of the liver cells as 
by artificial digestion. It differentiates, at least in part, from the endothelium' of 
the original venous sinusoids. The stellate cells seen in Golgi preparations also 
represent endothelial elements. The endothelial cells of the intralobular capillaries 
are known as the cells of von Knpffer and are actively phagocytic. 
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F:c. jSfi.— T he Keticulvjm o^ the Doc's 
a, central vein; b, capsolc of Glisson st tlic margin 
of the lobule. Gold chloride. X120. (Dohm and von 
Davidoff.) 


The volume of the inicrhihular connective liwue whicli forms Glisson's capsule 
varies greatly in iliEcrcnt animals. In the liver of the pig and the camel this 
\j i.w/t . . _ .. , ItsMic Is Very extensive, and forms 

■' ' ' ^ complolc investment for each 

I(d)iilc. In man it is verj* limited in 
atnotmt and is confined to minute 
areas lietvveen the adjacent angles 
of the hihnlcs, with an occasional 
fragment separating the lateral 
surfaces of neighboring lobules. It 
is in the latter portions, vh., be- 
tween the opposed .surfaces of the 
lohnlcs, that the branches of the 
hepatic veins (sublobular veins) 
arc found. The interlobular veins, 
the siilKlivisions of the portal vein, 
together with the bile ducts and 
the branches of the hepatic artery 
arc found at the angles of adja- 
cent lobules, Hence the portal 
canals, which contain these vessels, 
should always be sought in this 
location, while the sub-lobular vcitts, which run alone and form no part of the portal 
canals, will be found between the opixiscd surfaces of tlic lobules. 

The capsule of Glisson also contains 
many lymphatic vessels and unmyeliaitcd 
nerve fibers. 

Hepatic Lobule. — The lobule is the 
structural unit of the liver and consists 
chiefly of hepatic cells which are arranged 
in radiating cords. In shape the lobule is 
an irregularly hexagonal truncated pyra- 
mid, the exact number of its faces being 
extremely variable. The periphery of the 
lobule is outlined by the connective tissue 
of Glisson’s capsule which either completely 
invests each lobule, as in the pig’s Iiver» 
or forms only a very incomplete invest- 
ment, as in the liver of man. 

Blood enters the lobule from the vessels 
of the portal canals and finds its way, 
through converging capillaries, constituting a venous rete mirabile, from the 
periphery to the center of the lobule. Here it enters the intralobular or central vein, 
which occupies the axis of the lobule and conveys the blood thence to the sublobular 



Fxg. 387.— Group or Cells of HustAK 
Lwer. (Hardesty ) 
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veins, which again lie in the interlobular connective tissue of the capsule of 

Glisson. • .„ • / • -j \ 

The hepatic cells occupy the meshes of the intralobular capillaries (sinusoids) 
and are arranged in cords which radiate from the central vein toward the periph- 
ery. The frequent anastomoses of the capillaries as they approach the central 
vein produce great irregularities in the arrangement and length of the cell cords 
Each cord, however, reaches the periphery of the lobule after a more or less 
tortuous course, and it is here that the secretory bile capillaries, which are found 



Fig 388— a Lobule of the Pic’s Lu-er in Longitudinal Section, Showing the Relation 

OF TIIF. CE^TRAL AND SUBLODULAR VeISS AND THE ARRANGEMENT OF THE HePATIC CeLLS 
a, sublobular vein, b, capsule of GHsson. Hematein and eosm Photo. X68. 


within the cell cords, become continuous with the minute bile ducts of the portal 
canals 

Bifv Capillaries— The bile capillaries occur as secretory canaliciili between 
the opposed surfaces of the hepatic cells. They are thus found within the cell 
cords and stand in the same relation to the hepatic cells as though each cell cord 
formed a tubule whose capillary lumen, the bile caiialiailiis were surrounded by 
only two secreting cells, whereas in other tubular glands a larger number of cells 
encircle the lumen of the secreting tubule. Hence the bile canaliculi and the blood 
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Tlic volume nf Oic iiilcrlolmtar connective tissue wiiicli forms Glisson’s capsule 
varies greatly in tlifTcrent animals. In tlic liver of the jiig and the camel this 
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lissiic is very extensive, and forms 
a complete investment for each 
loimfe. fn man it is very Imiilcd in 
amount and is confined to minute 
areas Iictuxcn the adjacent angles 
of llie fohufes, with an occasional 
fragment separating the lateral 
surfaces of neighboring lobules. It 
is in the latter portions, vh., be- 
tween the opposed surfaces of the 
lolnilcs, that the branches of the 
liepatic veins (sublobular veins) 
arc found. The interlobular seins, 
the subdivisions of the portal sein, 
together with the bile ducts and 
the branches of the hepatic artery 
arc found at the angles of adja- 


0, central vein j b, caimile of Glisson at the nurgio cgnt fobules. Hence the portal 
D»vidolI0"’'' 

should always be sought in this 
location, while the sub-lobular veins, which run alone and form no part of the portal 


canals, will be foimd between the opiioscd surfaces of the lobules. 


The capsule of Glisson also contains 
many lymphatic vessels and unmyelinated 
nerve fibers. ^ ■' 

Hepatic Lobule. — ^Thc lobule is the 
structural unit of the liver and consists 
chiefly of hepatic cells which are arranged 
in radiating cords. In shape the lobule is 
an irregularly hexagonal truncated pyra- 
mid, tiie exact number of its faces being 
extremely variable. The periphery of the 
lobule is outlined by the connective tissue 
of Gh’sson's capsule which either completely 
invests each lobule, as in the pig’s liver, 
or forms only a very incomplete invest- 
ment, as in the liver of man. 

Blood enters the lobule from the vessels 



Fic. 387.— Group of Cells of Homan 
Liver. (Hardesty.) 


of the portal canals and finds its way, 

through converging capillaries, constituting a venous rete mirabile, from the 
periphery to the center of the lobule. Here it enters the intralobular or central vein, 
which occupies the axis of the lobule and convey’S the blood thence to the sublobular 
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membrane may be regarded as being absent, yet tliere is often a sharply defined 
exoplasm which forms the surface of the cell and simulates a true membrane. 

The nuclei of the hepatic cells are generally rich in chromatin, and stain deeply. 


They are situated well within the 
cell, but usually in an eccentric 
position Frequently the nuclei of 
the hepatic cells contain a distinct 
nucleolus. 

The cytoplasm of the hepatic 
cells IS finely reticular, the meshes 
being filled with coarse granules 
of irregular size. Many of these 
are undoubtedly glycogenic gran- 
ules, and show a decided color 
reaction when treated withLugol’s 
solution of iodine after alcoholic 
fixation. The amount of glycogen 
present varies with the diet. After 
digestion and absorption of a 
carbohydrate meal it is greatly 
increased, but disappears during 
the fasting. Even when glycogen 
is quite deficient, the hepatic cells 
still present a granular appear- 
ance from the presence of other 
substances, possibly symogens. 



Fig. 390 — Section of Human Liver Tissue, Show- 
ing TiiF- Cell Cords and the Sinusoids Lined 
WITH Endothelium. X240. 


Fat Globules — Fat globules occur m hepatic cells in limited numbers, and 
appear to be a normal constituent. The 
globules vary much in size, but are all very 
small. Their number is also dependent upon 
diet and digestion. During absorption of a 
fatty meal, fat globules occur in consider- 
able numbers, and are most numerous in 
I • /.fV < . hepatic cells which are at the periph- 

'* ery of the lobule. They are not normally 

{y‘ • v • ( found in the vicinity of the central vein. 

The hepatic cells also frequently contain 
Fig 391.-F0UR Adjacent Liver Cells. brown or yellowish-brown granules of 
(Adapted from Merkel ) ferruginous pigment, which are more prone 

to occur m the interior of the lobule near 
the central vein When present in considerable amount this pigment can no longer 
be considered a normal constituent of the hepatic cells. Mitochondria have been 
described in the hepatic cells «« An intracellular canalicular apparatus can also be 



Policard, 1909 
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capillaries arc never in conJact, Iml arc always scfviratcd by at least one-third 
to one-lialf the (Unineter of a.hcjjaltc cell. The bile canaliculus ocajrs on that 
surface of the hepatic cell which is in contact with other cells within the cord; 
the blood capillary, on the other hand, is in relation with that surface of the 
hepatic cell which forms the j>criphcry of the cell cord. 

Tlic hlootl capillaries arc susjXMtdcd in the fmc iticshcs of the delicate reticulum 
which has nlreatly been described as the intralobular connective tissue, and which 



Fie 389 — A Lobule or the Human Lu'er, Seen in Transection. 

It is outlined by three small portal canals and cwilains a single central vela Hematin and 
eosin. Photo. XSO 

also invests the cords of hepatic cells. The reticular connective tissue is of relatively 
insignificant volume. 

The bile capillaries are true secretory canaliculi by which the bile, after secre- 
tion by the hepatic cells, finds its way along the anastomosing cell cords to some 
point at the periphery of the lobule. Here the cell cord becomes continuous with 
A minute bile duct, the secreting cells within the lobule presenting a rapid transi- 
tion to the very low columnar or flattened epithelium of the interlobular bile duct. 
The immediate lining of the intralobular bile canaliculus is a delicate cuti'cular 
membrane, probably the product of the hepatic cell. 

Hepatic Cells. — These are large polyhedral cells which possess one, or very 
frequently two, spherical nuclei and a coarsely granular cytoplasm. A true cell 
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peculiarity consists not so much in the structure of the tissue, as in the combination 
of artery, duct and vein occurring in close relation, in the connective tissue at the 
angles of the hepatic lobules. The largest vessel in the canal is invariably the vein, 
the smallest the artery. 

Jjilcrhhular J^chis — The interlobular veins, 
branches of the portal, are extremely thin-walled 
sinusoidal vessels. They are formed by scarcely 
more than the endothelial lining, which is sup 
ported by the connective tissue of GHsson’s cap- 
sule. Their wall contains very little or no smooth 
muscle. 

Interlobular Arteries— Tht interlobular ar- 
teries. branches of the hepatjc, are very small and 
are noted for their highly developed mmcular 354 -Terrs or Cells kom a 
coat and distinct elastic membrane They give off Section or the Normal Human 
minute vaginal branches which supply capillaries 

to the tissue of Glisson’s capsule *be usual type of liver cell; 

hilcrlobuhr Site Curts.— The interlobular bile 
, . , .1 . f , , . . ryprs 11 ano t- were very scarce 

ducts, tributaries of the hepatic duct, receive the Hematem and eosin. Xgoo. 
bile from the intralobular bile canaliculi and con- 



vey it, through larger and larger branches, to the hepatic duct. They are more 
numerous than the interlobular veins and much more numerous than the interlobular 
arteries Due to their freriuent branching many of the portal canals as seen in 
transverse section contain two bile ducts. The ducts are lined with columnar epi- 

, theliutn whose height varies with the size of the 

__^i., ‘ tubule, the sntallest ducts being lined with low col- 

’'“’■Best with tall columnar 
of tl's hepatic, cystic 
“if TT™ >=pithelial 

’ ® characteristic spherical or 

>“>'>='1 chroraa- 
!'”■ is clear or finely reticular The 

!!’ “Oton n few goblet cells. Small mucous 

“t' fo™'* in 'he hepatic and common bile 

. ’ if ’^'’n epithelium of the-interiobular bile ducts rests 

' “P°" “ ‘'nn htteement membrane, which is surrounded 

I- “ ,""5'^ fih'-o-elastic coat. The larger ducts are also 

Fio 7 r ntn^e'e fibers, which 

ric 395 — Liver Cell from m the Iarpe<vt hrinr-Vtce f.-.-... .. 'vjutd, 

Full Term Human Fetus, j / r » o m a Considerable coat 

Showing Abundant Mno- of the liver, longltudmal muscle fibers nUo 

"r"'.' 1'" dnets, aL so 

r- 5 S,V Z ■" r""" nnd com- 


, KunDiauaer and i 
mon bile duct as often to form a distinct laj-er. 
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<lcfiionstnitc(l within the cytoplasm. Hy some these channels have been interpreted 
as intracellular terminals of the intercellular (intratolmlar) hilc canaliculi, hy others 
as fixation artifacts, ami still others rcRard them ns a trnphosjmnRiitm. Schafer'* 
interprets them in ]iart as channels in relation with the hloml sinusoids. Such intra- 
cellular canaliculi iinUouhtcdly np|Kar tmilcr certain functional conditions, but it is 



Tic. igr— Isot.ATro Lootxts or riir Pig’s Lurm. X 12.5. (Johnson.) 



Fig 393 — ^TnE Connection Between the Intralobular and 1 ntem.obui.ar Bilf Ducts in 
THE Cat’s Liver. 

0, interlobular vein; b, interlobular bile duct; e, intralobular bile capillaries. Golp stain and 
hematem HigMy magnified. (Geberg.) 

uncertain whether they are definite preformed channels, or simply transitory secre- 
tory canals. Moreover, it seems probable that the canals described include structures 
of different significance. 

portal Canals. — The portal canals are formed by the ramifications of the poc* 
tal vein, hepatic artery and hepatic duct, and are characteristic of the liver. Th^ 


«i Schafer, 1902- 
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as those from the capsular branches, become continuous, at the periphery of the 
lobule, with the intralobular capillaries which are derived from the branches of 
the portal vein. 

Portal Vein . — ^The portal vein likewise enters at the transverse fissure, bring- 
ing to the liver the blood collected from the capillaries of the organs of digestion 



Fig 398.— From a Sfction of tub Rabbit’s Liver Whose Blood Vessels Had Been 
Injected with a Carmine-stained Gelatin Mass; Somewhat More Tuan a Single 
Lobule Is Represented. 

a, interlobular veins, b, central vein; c, central vein from which the injection mass had 
fallen out, the capillaries are dark. Photo. X70. 

and absorption. It divides into numerous branches which follow the portal canals, 
m which they are known as the interlobular veins, and in this way reach all 
portions of the organ. 

The interlobular veins throughout all their course give off small branches 
which at once enter the periphery of the hepatic lobules and immediately break 
into a brush of capillary vessels. These intralobular capillaries {capilliform simi- 
soids\ converge toward the center of the lobule and anastomose to form a capillary 
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As has been pointed out by Mall tlie hepatic lobule cannot be regarded 

as the homologue of the lolnilc of other glands. Tor the jwrtal canal with its bile 
duct, the excretory duct of the glandular unit, should l)c axial to the functional 
foliidar unit. Moreover, an interlobular l)i!e duct drains not the 
whole of a iKirticular lolmle, htit jwrtlons of a numl)cr of ad- 
jaccJU lolniles- The functional unit (jwrtal lolmle), in contra- 
disliuction to the structural unit (hepatic lolmle) is accordingly 
that jKirtion of liver tissue (portions of a numl)cr of hepatic 
lobules) supplied by an ultimate branch of the vessels of a portal 
canal. Thus a he|»atic lobule is drained by several bile ducts, and 
conversely, n single uUiuiate bite duct ilrains jiortions of several 
hepatic lobules. 

The liver wretes the bile — a fluid which aids in the cliges* 
tion and absorption of fats — and in fact proliably serves also an 
cxcrctorj' role. Bile lias a greenish-ycllow.color, due in part to 
the presence of the jugment hilirubin, which is l)clieved to be 
identical with the hematouHn clal>orated from the hemoglobin 
of the crythroplastids disintegrating in the spleen, and carried 
to the liver by way of the splenic and jiortal veins. Under certain pathological 
conditions known as jaundice, hllc finds its way within the liver directly into the 
blood stream where it jiroduccs hemolysis of the red corjmscles. In addition to its 
hilc-producing activity, tlie liver functions also as an organ of internal secretion, 
in the conversion of glycogen into sugar, the 
elaboration of urea, and the storage of a substance 
(hemopoietin) which prevents and cures jwr- 
nicious anemia. Experimental evidence indicates 
that the liver is concerned greatly also with the 
production of fibrinogen by virtue of its extensive 
content of reticulo-eudothelium, and with the con- 
version of fat into lecithin. 

Blood Supply. — ^Thc liver is supplie<I wdth 
blood from tw’o independent sources, the hepatic 
artery and the portal vein. That supplied by the 
artery is of minor importance and is destined only 
for the nutrition of the connective tissue frame- 
work of the organ. 

On entering the liver at the transverse fissure, 
the hcf<at}c artery gives off numerous capsular 
branches which ramify in the capsule of the liver 
and supply capillaries to Us connective tissue. 

Other branches, the direct continuation of the 
hepatic artery, enter the portal canals and by repeated division form the infer- 
lobular arteries, which ramify in the tissue of Glisson’s capsule, and whose vagi- 
nal branches supply capillaries to this connective tissue. These capillaries, as wel 



Fic. 397.— A Portal Canal, Ix- 
CLUDINC A BrANCU OF THE POR- 
TAL Vein, Hepatic Artfry (A), 
Hepatic (Bile) Duct (B), Lym- 
phatic (L) AND Unmyelinated 
Nerve Trunk. 



Fir.. 3 oG — Human 
Ljvfji Cell, Show- 
iNO. Enij^kced In- 
TRAcrxLULAR CaN- 
ALicuu, A Condi- 
tion ClIARACTEhtS- 
TIC Of Jaunoicp, 
(DrowicE.) 
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extremely abundant and are in intimate relation with the hepatic cells, each cell 
coming into contact with tour to six capillary vessels. About one-third of the blood 
in the body is estimated to pass through the liver per minute. 

The course of the blood through the vessels of the liver will be readily appre- 
ciated by reference to the following table which indicates the succession of the 
hepatic blood vessels : 


I. Portal rein 

2 Interlobular veins 

3 Branches to lobtie 


1. Hepatic artery 

2. Interlobular arteries 

3. Vaginal branches and capillaries 

in Glisson’s capsule 
Intralobular capillaries 
Central vein (intralobular) 

Sublobular veins 
Hepatic veins 
Vena cava inferior 


The three classes of veins, interlobular, centra! and sublobular, are readily 
differentiated by the fact that the two latter lie alone, while the interlobular 
veins are always in company with the ducts and arteries within the portal canals. 
Moreover the central vein has almost no connective tissue 
wall until near its exit from the lobule, where it passes into 
the sublobular branches. The sublobular veins, on the other 
hand, possess a relatively thick connective tissue wall and 
even some smooth muscle, except in the very smallest, which 
are to be regarded as mere interlobular continuations of 
central veins which soon unite to form the larger sublobular 
vessels. 

Lymphatics. — The lymphatics of the liver may be con- 
sidered as consisting of a superficial set which supplies the 
hepatic peritoneum and the capsule of the liver, and which 
is continuous with a deeper set in Glisson's capsule. The 
lymphatics of the deep set begin as perivascular spaces 
within the lobule, from which the lymph enters larger 
lymphatic vessels in the interlobular connective tissue, which 
follow the vessels of the portal canals to their exit from the liver. The larger 
Ijmphatics pass to the abdominal ^tnph nodes. Other lymphatics follow the sub- 
lobular and hepatic veins and pass to the mediastinal lymph nodes. 

Nerves— The nerves of the liver are mostly of the unmyelinated variety. They 
follow the portal canals and are distributed to the walls of the blood vessels, the 
walls of the hile ducts, and to the capsule of the liver. Naked fibrils from these 
trunks also enter the lobules and form a plexus among the hepatic cells'* in 
relation with which they form fine terminal brushes and varicose end-knobs" 



Fig. 400. — Intralobular 
Nervc Fibcbs in a 
Rabbit’s Liver. 


a, hepatic cells ; h, 
nerve fiber Golgi slain 
Highly magnified 
(Berkley.) 


*®Korolko\v, 1893. 
“Berkley, 1895 
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network, in tlie clonpaled inc.sitcs of wlitcli arc* tlic coref^ of Iicpalic cells, These 
capillnrics approach the center of the lobule where llicy uijlfc fo form the j'ntra- 
Johular or central vein. The central wm frccjitcntly k'jjins In the form of a Y, 
its two or more brnnclies finally tiniiiiij; to fortu n single vessel which pursues 
its course tliroiigh the axis of the lobule. The central vein makes its exit at the 
basal periphery of the lobule ami enters the interlobular connective tissue where 
it unites with its fellows to fonn larger suhMmlar veins. The sulilohular arc easily 
distinguished from the interlobular veins l»y their thicker walls and by the fact 
that the former i)ursue an imleiiendent course through the tissue of Glisson's 
capsule, being nowhere in relation with either artery or duct. 



I^tc. 309— A Group or SunrAcr Lobules ox the Pig's Liver. 

/>. i' , portal vein, s. v. sublobular (hepatic) vein; c, v., central (hepatic) vein. Xia 
(F. P. Johnson) 


The sublobular veins are, as a rule, vessels of considerable size, and by fre- 
quent union w’iih their fellow's become constantly larger. In their general direction 
they tend toward the dorsal surface of the liver and finally make their exit as four 
or five large hepatic veins which enter the inferior vena cava. 

The blood supply of the liver, 3 to 54 per cent of which can be accounted for m 
the hepatic artery, 32 to 64 per cent m the portal win,” is peculiar in that: (i) the 
greater portion of its blood has already passed through the capillaries of the 
digestive organs before entering the liver; (2) its arterial supply is relatively 
meager and supplies only the ccnnectiw tissue framework, intermingling with the 
portal blood at the periphery of the lobule; (3) its intralobular capillaries are 


«2 Macleod and Pearce, 1914- 



397 


, THE LARGER BILE DUCTS 

The blood vessels form a plexus just outside the muscular coat, from which 
branches are distributed to the peritoneal coat and to a plexus in the depth of 
the mucosa from which capillaries are supplied to the muscular layers and to a 
subepithelial plexus. The nerves are distributed to the blood vessels and to the 
muscular wall. Minute ganglia occur in the muscular coat. 



a, vein; b, artery; c, Ijmpliatic vessel; d, epithelium X6o. (Sudler.) 

The wall of the gallbladder may contain various einthcHum-lined ducts and 
sinuses. These may extend peripherally as far as the subserous connective tissue. 
The ducts (true Luschka ducts) are interpreted as aberrant bile ducts and rem- 
nants of the embryonic tubular primordia of the liver. They are blind at both 
ends. The sinuses (Rokitansky-Aschoff) arc deeper and wider outpouchings, prob- 
ably the result of readjustments of the mucosa following prolonged overdistention 
of the gallbladder.®* 

The gallbladder is lacking in many species of vertebrates including the lamprey, 
pigeon, rat, horse, certain ruminants and the porpoise. In these instances a well- 
differentiated cystic primordium suffers regressive changes in later embryonic life 
and ultimately disappears With the disappearance of the gallbladder, the biliary 
system generally undergoes compensatory enlargement. Dilatation of the bile ducts 
is frequently associated with congenital absence of the gallbladder, and commonly 
follows cholecystectomy. 


THE LARGER BILE DUCTS 

These include the cystic duct, the main hepatic duct, and the common bile 
duct. The histology of these ducts resembles that of the gallbladder, except that 
the musculans forms a relatively less robust layer of smooth muscle cells, circu- 


Bela Halpert, 1927. 
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THE OALLBLADDEE 

The wall of the gallhlaiMcr consisli of (hrcc coals; mucous, muscular and 
fihroscrous. The mucous mcmfiranc is markc<ny fohlcil or corrugated, the irregu- 
larly imlygonal tlc)ircssions Ircinj; i-chilivcly Irroad at the fiirolus hut becoming 
narrower toward the neck of the organ. Tile lining cpitlidium is of the tall col- 
umnar variety, with sphcroid,il or ovoid nuclei which lie near the lose of the cell. 
The ircc c.vlrcruily of the epithelial cells presents an indistinct culicular horJet. 



Ftfl. 40f —From a ScertON thboocu Tite Wall or a Dog’s G<u.Bwi)DrR. 
a, epitlidium; b. lymph noJulc; f, serous coal. X 8 o. (SuJlcr.) 


The cpithcUxmi follows all ihe foWs of ihc ntucosa and lines the inten'ening de- 
pressions. 

The lamina propria of the nincosa consists of delicate connective tissue and 
contains a few smooth muscle fibers derived from the muscular coat. It is con- 
nected with the tunica mnscularis by a thin Ja>cr of denser connective tissue 
which contains blood and lymphatic vessels and which simulates a sulimucosa. 

The gallbladder possesses a distinct muscular wall, consisting of numerous 
interlacing smooth muscle bundles the most of which are circularly disposed. 
Occasionally they form fairly distinct circular and longitudinal layers. 

The hbroserous coat consists of loose areolar tissue, which contains the larger 
blood vessels with which the organ is abundantly supplied. The free surface of 
the gallbladder also receives a peritoneal investment. 

Occasional mucous glands occur in the mucosa of the gallbladder. These are 
mostly of small size and widely separated, but toward the neck of the organ they 
increase in both number and size. They form short, branched, convoluted tubules. 
The mucosa of the normal gallbladder secretes calcium in large amounts, choles- 
terol in negligible amounts.” 


« 5 Do 5 ta!, Hrdma and Goff, 1932. 



CHAPTER XIV 


THE URINARY SYSTEM 

This system includes the feirfuO'-J- which are two large bean-shaped glands, 
together with their excretory passages, the ureters, which conduct the urine to the 
urinary bladder, whence it is voided through the urethra. 

THE KIDNEY 

Each kidney is a gland of the compound tubular type, measuring about 4>4 
inches in length, inches m width, and I'/t inches in thickness. Its secretion, 
the urine, is produced by the xirinifcrous or renal tubules, which are long, tortuous 
canals beginning near the surface of the kidney and finally ending at the hilus of 
the organ where they pour their secretion into the calices of the renal pelvis. The 
uriniferous tubules are in intimate relation with the renal blood vessels which 
supply rich capillary plexuses to the entire extent of the tubules. Each uriniferous 
tubule consists of both tortuous and straight portions, and these are so regularly 
disposed as to produce macroscopical variations in the appearance of the different 
portions of the renal parenchyma according as the tortuous or the straight portions 
of the tubules predominate. These variations result in the following topographical 
subdivisions. 

Topography 

If the kidney be divided parallel to its long axis by an incision extending from 
its convex surface to the hilus, the ait surface shows that the parenchyma is 
divisible into a superficial cortex and a central medulla. The slit-like hilus of the 
organ opens into a deep excavation, the retuil sinus, w’hich is occupied by the renal 
pelvis and its subdivisions, the ealices and infundibula, into ^^hich the medulla 
projects in the form of several conical pjTamids. The pelvis of the kidney, the 
expanded funnel-form beginning of the ureter, toward the renal parenchyma 
divides into two, sometimes three, major cahees, which in turn subdivide into 
several minor calices or infundibula, each of whidi incloses the conical apex of a 
projecting medullar>' or renal {malpighian') pyramid. 

Medulla. — ^The medulla of the kidney consists of a number of these conical 
renal pyramids (usually twelve to fifteen) each of whose apices, as already stated, 
is received into the extremity of a renal calix. Occasionally a calix may receive two 
papillae. The base of each pyramid is embedded in the adjacent renal cortex and 
399 
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larly disposed for the most part in (he hcjwtic duct, lonRitudinally disposed as 
scattered Imndlcs in the cystic ami common duels. At the level where the common 
Idle duct enters (he duodenum, the ampulla of Vatcr, the ciradar fibers are 
increased to form a sort of sphincter (of Oddt). The mucosa of the cystic duct 
is thrown into from five to twelve oblique crescentic folds, the “spiral fold.” 
These folds arc similar to those of the neck of the bladder where they form 
lleistcr’s valve. They are remnants of a continuous "spiral Nmlvc” of fetal life, 
and contain delicate strands of transverse and longitudinal smooth muscle cells. 
In the mucosa of these ducts, especially numerously in that of the hepatic duct, 
occur certain hranehed tuhuiar gland-like structures, the “jiariclal sacculi" of Beale, 
lined with tall columnar cells. These Itavc long l>ccn designated as mucous glands, 
but Sweet interprets them as structures liavmg an absorptive function similar to 
that of the gallbladder lining, providing a meebanism for bile concentration and 
for the transfer of bladder bile directly to the lymplvatics. 
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as a portion of cortex inserted between the adjacent rays; (3) a narrow boundary 
cone of the cortex, "cortex corticis" of Hyrtl, which is included between the fibrous 
capsule of the organ and the tips of the cortical rays, and in which the renal cor- 
puscles, though present, are relatively few in number. 



Fig 404 — The Structure of the Kidney. 

0, papillary zone, and b, boundary zone of the medulla ; c, cortex ; /, apex of a renal pyramid ; 
2, capsule, 3, tubules of the medulla, 4. vasa recta; 5, vascular arcades; 6, a cortical ray, 
7, labyrinth, 8, interlobular artery, p, renal corpuscle, 10, “cortex corticis." (Testut.) 

Renal Lobule. — In fetal and infantile life the kidney is distinclly lobed. This 

condition is permanent in some animals — e.g,, reptiles, birds, porpoise, ox, bear 

each lobe consisting of a renal pyramid with its related portion of cortical sub- 
stance. 

In man, after the first year, the renal lobes completely fuse and eventually 
leave scarcely a trace of the early lobed condition. 

Internally this fetal lobed condition is in part indicated by the definitive renal 
pyramids, from eight to eighteen m number, each representing the product of 
fusion of from two to mne primitive lobes. In certain mammals— r.p., mouse, 
rabbit, cat, guinea-pig— neither a primitive nor definitive internal or e-xteriial lobar 
arrangement appears. Such kidneys are designated unipyramidal or unipapillary 
m contradistinction to the raultipapillary type. In certain of the perissodactyls 
(elephant, horse) no distinct pyramids are present. 
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that portion of the cortex which is interposed hclwccn the Ixiscs of adjacent pyra- 
mids. and thus lirougiu into relation with the fibrous and adipose tissue which 
envelops tl)c pelvis and caliccs at the Iiiltmi of the organ, composes the cortical 
rcm\ coluiiiits (of Bertin). 

Each renal pyramid may be siilxlividcd into a central free jwrtion, the apical or 
papillary zone of the medulla, which is received Into a calix, and an outer or basal 
portion, which is embedded in the renal cortex and is known as the boutiJary cone 
of the medulla. These two portions of the me- 
dulla, the papillary and Iwundary zones, can be 
readily distinguisltctl, sijtcc the latter contains 
only narrow tuliulcs and is highly r’ascular, 
while the former, relatively deficient in blood 
vessels, contains thcTiroad termination of the 
ttrmiferous tubules, the papillary duels (of Bel- 
lini) which converge toward the apex of the 
pyramid where they open Into the calices. 

Cortex. — The cortex of the kidney, on care- 
ful observation, presents numerous dark lines 
or delicate columns which radiate from the base 
of the pyramids outward. toward the surface of 
the organ. These radiating columns are the 
vicdtiUary rays (pyramids of Ferrein) or pars 
radiate of the cortex. They contain straight 
portions of the uriniferous tubules; these are 
continuous with the similar tubules in the 
lioundary zone of the medulla. These columns 
lie within the cortex and not, as their name 
might he taken to indicate, in the medulla. They 
arc termed "medullary rays" because of their 
peculiar relation to the medulla, from which 
they extend outward in a radial direction. It 
would seem more proper to designate them 
“cortical rays.” 

That portion of the cortex which invests the 
cortical rays and which includes all the remain- 
ing cortical portions of the organ, consists of extremely tortuous tubules, and is 
characterized by the presence of small globular bodies, each -of which contains a 
tuft of capillary vessels. These are the renal corpuscles (malpighian bodies) which 
are characteristic of the kidney. The portion of the cortex in which they occur 
includes the entire cortical substance -wnth the exception of the cortical rays, and 
is known as the renal labyrinth or pars convoliita. The labyrinth is divided into: (i) 
the rend columns, already mentioned; (2) the intercolumnar portions, or labyrinth 
proper, which includes that portion of the lab3^nth which invests the cortical rays, 
and which,' in sections cut parallel to these columns (longitudinal sections) appears 


r. 


Fio. 403— LoNcnuDiNAL Sccriox or 
Kidney. 

I, cortex ; 1', cortical rays ; l”, laby- 
rinth i 2, medulla ; s’, papillary portion 
ol medulla ; 2", boundary layer of med- 
ulla; 3, IransYCTSe section oi tubules in 
the boundary layer; 4, fat of renal 
sinus; 5, artery; *, renal column of 
transverse medullary rays; A, branch 
of renal artery; C, renal call*; U, 
ureter (After Tyson and Henie, from 
Hill.) 
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as a portion of cortex inserted between the adjacent rays; (3) a narrow bouudafy 
cone of the cortex, "cortex corticis” of Hyrtl, which is included between the fibrous 
capsule of the organ and the tips of the cortical rays, and in which the renal cor- 
puscles, though present, are relatively few in number. 



Fig 404— Tiie Structube of the Kidney. 

a, papillary zone, and b, boundary zone of tlie medulla : c, cortex ; /, apex of a renal pyramid ; 
3 . capsiUe, 3, tubules of the medulla; 4. vasa recta; $. vascular arcades, 6. a cortical ray; 
labyrinth; S, interlobular artery , 9, renal corpuscle; 10, "cortex corticis." (Testut.) 

Renal Lobule. — In fetal and infantile life the kidney is distinctly lobed. This 
condition is permanent m some animals — e.ff., reptiles, birds, porpoise, ox, bear — 
each lobe consisting of a renal pyramid tnth its related portion of cortical sub- 
stance. 

In man, after the first year, the renal lobes completely fuse and eventually 
leave scarcely a trace of the early lobed condition. 

Internally this fetal lobed condition is in part indicated by the definitive renal 
pyramids, from eight to eighteen in number, each representing the product of 
fusion of from two to nine primitive lobes. In certain mammals — mouse 
rabbit, cat, guinea-pig — neither a primitive nor definitive internal or external lobar 
arrangement appears. Such kidnejs are designated unipyramidal or unipapillary. 
in contradistinction to the multipapillary type. In certain of the perissodactyls* 
(elephant, horse) no distinct pyramids are present. 
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that portion of the cortex which is interposed between tlic bases of adjacent pyra- 
mids, and thus brought into relation with the fdjrons atid adipose tissue which 
envelops the pelvis and calicos at the hilum of the organ, composes the cortical 
renal columns (of Bertin). 

Each renal pyramid may be snlKlividcd into a centra! free iwrlion, the apical or 
papillary zone of the medulla, which is received into a cahx, and an outer or basal 
portion, which is embedded in the renal cortex and is known as the boundary zone 
of the medulla. These two portions of the me- 
dulla, the jiapiltary and lioundary zones, can be 
readily distinguished, .since the latter contains 
only narrow tubules and is highly vascular, 
while the former, relatively deficient in blood 
vessels, contains the broad tennination of the 
tirinifcrons tubules, the papillary duels (of Del- 
lini) which converge tmvard the apex of the 
pyramid where they open into the calices. 

Cortex. — The cortex of the kidney, on care- 
ful ohscrv'ation, presents numerous dark lines 
or delicate columns which radiate from the base 
of the pyramids outward .toward the surface of 
the organ. These radiating columns are the 
vtcdtillory rays (pyramids of Ferrein) or pars 
radiala of the cortex. They contain straight 
jKulions of the nriniferous tubules; these are 
conlinnous with the similar tubules in the 
Iwundary zone of the medulla. These columns 
lie within the conex and not, as their name 
might be taken to indicate, in the medulla. They 
arc termed "medullary rays" liccause of their 
peculiar relation to the medulla, from which 
they extend outward in a radial direction. It 
would seem more proper to designate them 
"cortical rays." 

That portion of the cortex which invests the 
cortical rays and which includes all the remain- 
ing cortical portions of the organ, consists of extremely tortuous tubules, and is 
characterized by the presence of small globular bodies, each -of which contains a 
tuft of capillary vessels. These are the renal corpuscles (malpighian bodies) which 
are characteristic of the kidney. The portion of the cortex in which they occur 
includes the entire cortical substance with the exception of the cortical rays, and 
is known as the renal labyrinth or pars convohtta. The labyrinth is divided into : (i) 
the renal columns, already mentioned; (2) the intercolumnar portions, or labyrinth 
proper, which includes that portion of the labyrinth which invests the cortical rays, 
and which,' in sections cut parallel to these columns (longitudinal sections) appears 


Fic. 403— LoNCiTUomAL Section or 
Kid.vey. 

I, cortex : s’, cortical rays ; laby- 
rinth , z, medulla ; z', papillary portion 
of medulla; z”, boundary layer of med- 
ulla; 3, transverse section of tubules in 
the boundary layer; fat of renal 
sinus; 5, artery; •, renal column of 
transverse medullary rays ; A, branch 
of renal artery; C, renal calix; V, 
ureter. (After Tyson and Henle, from 
Hill) 
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tissue is slightly increased in amount about the larger blood vessels, the renal cor~ 
puscles of the cortex, and the small blood vessels of the boundary zone of the medulla. 
At the apex of the renal pyramid it invests the large papillary ducts in considerable 
quantity- 

UiMNifERous OR Rhnal Tuuulrs 

The uriniferous tubules begin in the cortical labyrinth as the capsules of the 
renal corpuscles. Assuming a tubular form they then pursue a tortuous course 
through the pars convoluta and finally enter the boundary zone of the medulla. 


Arehrd colUtHno tubulg Vas efferent Vos efferent 


Cortes — 
PrasirMl eenvoUitd _ 


Stont eUer portion 
of loop of Htnle~ 

nttrlebor Hood vetitU»‘ 
Stout elondy fotiton 


Fic 406 —Uriniferous Tubule op a Mammal. 
(.Adapted from Peter and Merkel.) 


' Interlobular win 


- Interlobular arltr 



Here, much reduced in size, tl.ey form the loop of Henle, which consists of a short, 
descending, slender limh, a U-shaped loop, and a long, ascending or stout limb This 
last division, after recrossing the boundaiy aone of the medulla, enters a pars radiala 
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Fic. 405. — Rf-jjal Tubule 
or Aoult Rabbit, Com- 

TLETF-LY ISOLATED BV TEAS- 
ING. 

Col. T., cortical collecting' 
tubule , Con. T., initial col- 
lecting tubule ; Med. L , med- 
ullary (Henle's) loop; 
Prox. Con., proximal con- 
\oluted segment; Prox Con. 
Med S , proximal convoluted, 
medullary segment ; Rc., Re- 
nal corpuscle; Tli. Seg. L., 
thin segment of loop of 
Henle; Thi. Seg. Med L, 
thick segment of loop of 
Henle. (From Huber in Cow- 
dry’s Spectal Cylohgy, Paul 
B, Hoeber, Inc., New York.) 


The tenn renal lolntlc or rniculiis, as applicil to tlie 
ruliill human kidney, refers t(» a .slill .smaller stilxUvIsiofi 
of the off^n. one svhtcli inchtdes a single cortical ray 
together with that portion of the cortical lahyrinlh by 
which it is immediately invested. Its peripheral Ixiumlary 
is marked hy the inlcrlolmlnr Mood vessels. This lobule 
is the anatomical unit of the kidney and is thus com- 
]iarah!e to the i»ortal and to the pnlinonary lobule, ex- 
cept tluit its arterial supply enters at tlic |>cripbcry. The 
tortuous sccrclinp jmrtions of jt.s uriniferous tulniles are 
contained in tl»c laliyrintfi at tlic iicn'pbcry of the lobule, 
wliile its .straiglit conducting portions lie in the cortical 
rnv in the axi^ of the lobule. The larger interlobular ar- 
teries and veins lie at the jxiriplicry, where tliey supply 
bnmehes to several adjacent lobules. 

RknAL CoXNTCTIVr. Ti.SSL'FS 

Tlie kidney is cnvelojicd by a fibrous ca{<snle, the 
luniea fibrosa, which is loo^cly attached to the substance 
of the organ and contains the usual proportion of clastic 
fibers together with a little smooth muscle. A fatty 
layer, the tunica adiposo, invests the capsule. At the 
hilus of the organ tlic capsule is continuous with the 
connective tissue which envelops the renal pelvis, calices, 
and infundibula, and uhtch, in the interr’als between 
adjacent infundibula, conics Into relation with the cor- 
tical .sub.stanccs of the renal columns. 

This connective tissue of the hilus is of the areolar 
variety and contains much adipose tissue. It supports 
the large arteries and veins as they pass along the surface 
of the renal jicivis on their way to and from the renal 
columns, where tliey enter or leave the parencliyma. 
SjTnpathelic nerve fibers and a few small ganglia arc 
also found in this region. 

The connective tissue of the interior of the organ, 
iiifcrslifial tissue, is very scanty, and in most parts con- 
sists only of isolated fibrils which invest the blood ves- 
sels and the renal tubules. It forms a very delicate 
reticulum by which the walls of the uriniferous tubules 
are loosely united. If the epitlielium of these tubules 
is removed, a delicate fibrous network remains ; this net- 
work incloses a homogeneous basement membrane upon 
which the lining epithelium rests. Elastic fibers scarcely 
occur among the tubules of the kidney. The interstitial 
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The glomerulus is a true arterial rele mirabile, since it receives an afferent 
arteriole, which, after contributing the capillaries of the glomerulus, passes out 
as an efferent arteriole again to enter a capillary plexus about the neighboring 
tubules of the renal cortex. The afferent vessel is of somewhat larger caliber than 
the efferent — a notewortliy fact Iiecause of its relation to the intraglomerular blood 
pressure- 

On entering the glomerulus the arteriole divides into two vessels which imme- 
diately subdivide with the formation of five branches. Each of these branches 
forms a series of anastomosing capillary loops, from 30 to 45, whose convexity 


Fig. 407A. — Renal Corpuscle, Diagrammatic. 

(After yon MoJlcndorf.) 

is directed away from the entering arteriole. The capillary loops reunite, in a 
similar manner, to form the efferent vessel, which leaves the glomerulus in com- 
pany with the afferent ; but. once-out, they soon part company, the efferent vessel 
breaking into a second capillary plexus about the neighboring tubules. Within the 
glomerulus the capillaries are united by a very delicate but scanty connective tissue 
containing no clastic fibers. 

Attention lias recently been directed to a group of afibrillar smooth muscle cells 
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and rcHtrns lo the rcKimi of its oriKin, mIktc it ijccoincs apam convoluted. A short 
nrcUt'd tulwlc connects this convoUilcd iKirtion with a straight colkdbtg luhuk of 
the cortical ray. Tlic collecting ttihnlcs traverse the whole length of the ray, uniting 
with their fellows an<l reccivhig other arclic<l tnhnles along their entire rourse. 
They then cross the honndary rone of the medulla, and finally in the papillary 
7 onc, having meanwhile received mimerons accessions of straight collecting tuhules, 
form the large terminal tuhttles, tlic i>npillary ducts, which pour the urinary sccrc* 
tion into the renal callccs. 


Each uriniferous tuliulc may thus l»c atilHlivIdcd into several portions «hich 
differ from each other, not only in their location, hut also in the cliaracter of their 
lining epithelium. The successive iKirtions which coni|)osc a single uriniferous tuhulc 
may he enumerated as follows: (i) capsule of the renal corpuscle, (2) nock of 
the tuhulc, (3) proximal cnnvohitcrl |Nmion or tuliule, (4) descending limb of 
Ilenlc’s tuhulc, (5) loop of llenlc. ine<lullary loop. (6) ascending limb of Ilenle’s 
tuhulc, (") distal convoluted portion or tiilmle. (R) archci! collecting tubule, (9) 
straight collecting tuhulc and (10) papillary duct. 

It should he home in mind that all of these several portions form only suc- 
cessive \wrts of a single uriniferous tulmk. Those portions of live urine uhich are 
secreted into the capsule of the renal corpuscle must therefore find their uay 
through each of thc.«c successive portions l»eforc it can reach the c.xcrctory’ passages 
of the rctml calices, pelvis, and ureter. 

Renal Corpuscle (Malpighian Body).— A renal corpuscle consists of a spherical 


tuft of capillary vessels, the glomrruhts, which in the course of its des'elopmcnt 
is invaginated into the end of the urini* 
fernus tubule, and thus comes to be 
enveloped by a <loubIe layer of flattened 
epithelial cells known as the glomerular 
caf'sule of Bo^nnaa. 

The inner visceral layer of the capsule 
closely invests the entire surface of the 
glomcndus, except at that point where the 
afferent and efferent vessels enter and 
* leave the capillary tuft. At this point the 
visceral epithelium is reflected out«*ard 
and liecoTnes continuous with the parietal 
layer. The surfaces of these two layers are 

^ _ almost in apposition. The narrow interval 

FJC 407 — KECONSTRUmoX OF A Glomeru- - , ,, r-.,.., ttiP 

LUS OF the Human Kidney. between them which results from tne 

afferent arferiofe; efferent arteriole; “iccentric position of the glonieru- 

c, capillaries. X 444. (Johnston ) lus fonns the first portion of the lumen 01 

the uriniferous tubule, At that pole of the 



renal corpuscle which is opposite the entrance of its tdood vessels the capsule opens, 
through a narrow neck, into the first or proximal convoluted portion of the 


uriniferous tubule. 
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The gkmenilus is a true arterial rcfc inirabilCj since it receives an afferent 
arteriole, which, after contributing the capillaries of the glomerulus, passes out 
as an efferent arteriole again to enter a capillary plexus about the neighboring 
tubules of the renal cortex. The afferent vessel is of somewhat larger caliber than 
the efferent— a noteworthy fact because of its relation to the intraglomerular blood 
pressure. 

On entering the glomerulus the arteriole divides into two vessels which imme- 
diately subdivide with the formation of five branches. Each of these hrauches 
forms a series of anastomosing capillar}' loops, from 30 to 45, w'hose convexity 



Fig. 407A. — Henal Corpuscle, Diacramhatic. 

(After iron Mollendorf.) 

is directed away from the entering arteriole The capillary loops reunite, in a 
similar manner, to form the efferent vessel, which leaves the glomerulus in com- 
pany With the afferent ; but, oncc'out, they soon part company, the efferent vessel 
breaking into a second capillary plexus about the neighboring tubules. Within the 
g omerulus the capillaries are united by a very delicate but scanty connective tissue 
containing no elastic fibers. 

Attention has recently been directed to a group of afibrillar smooth muscle cells 
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in tlic media of tlic vas alTcrcns, close to the ffloincnilus, designated tfie ''juxta- 
glomerular ncuro-nu'oaricrial apparalHs." ‘ It is inicri)rctc(l as an endocrine tissue 
whose secretion is lifJicvc<l to regulate tisc tonus of t!\e renal arteriole. These cell 
grotips arc said to have a “glandnlar cycle cu!n«n.nljjjg in i)ic iorvMthn of acidophil 
or l)asophil sccrctioti granules intermingled with njinnic vaettoJes." Experimental 
constriction of the left renal artery in tlic rabbit results In a hyperplasia of the 



Fic. 408— From the Cortical Labyrinth (Pars Con^oluta) or the Human Kidney. 
A large renal corpuscle is in the center of the fifftire. At its upper border are seieral sections 
of distal convoluted tubules The great majority of the tubules shown are front the proxima 
convoluted portions, a, a portion of a glomerulus; Irb, parietal layer of the capsule; c, 
convoluted tubules , d, just within this twin! is a transection of a junctional tubule having re 
lively Jenv and clear epithelium and a broad lumen. Hematcin and eosin. Photo. XijS- 

afibrilbir cells of the vas afferens, occasional protrusion of groups of these cells 
into the glomerular tuft of capillaries, and a transformation of ordinary smoot 
muscle cells into afibnllar cells.® 

The normal kidney of man from birth to forty years of age is said to contain 
from 800,000 to 1,000,000 glomeruli-* The two kidneys of the same indivldu^ 
1 Goormachtigh, N. and Handovs^<J^ H, 1938. * Goormachtigh, N, 19391 * Moore, 1931 - 
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contain approximately an equal number ot glomeruli. In oU age many glomeruli 
disappear; in the seventh decade the number ot glomeruli equals two-thirds to one- 
halt the adult count. The glomerub have an average diameter between 150 and 
200 microns. 

The visceral layer ol the capsule Is ftnnly adherent to the walls of the glomerular 
capillarieb. It consists of a single layer of flat epithelial cells which are intimately 



Fic. 400 — From tup Cortex of the Human Kidney, Showikc a Transection of a 
Cortical Ray in the Lower Left-hand Corner. 

0. glomerulus, b. glomerular capsule; f, proximal convoluted tubule, d, collecting tubule; 
c, ascending limb of Henie’s tubule; /, spiral tubule, g, blood vessel; h, distal convoluted tubule! 
Hematoxjlin X 200 (Alter Schaper, from Stohr.) 


blended with each other and with the endothelium of the capillaries. The epithelial 
cells possess a clear cytoplasm and a flattened ovoid nucleus, which, bein^ thicker 
than the body of the cell, produces a considerable bulging. In fetal and infantile 
life the shape of the cells of this layer is cuboidal or even low columnar, but 
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becomes more and jnorc flaftcju'd as devdo/xnent ;>rf;y;rcs»f.% nntil ihc cpuhclim 
finally .stimdates a layer of cndotliclinl cells. 

The cpithcHnni of tlic parietal lajxr is aUo cnlxjtdal in fetal life. Init during 
development Incomes nearly as mnclj flattened as that of the visceral Ja)cr. Its 
.single layer of finely granular cells forms a complete lining for the ca/isnJe. It rests 
mion a homogeneous hasenicnl membrane which Is Itivc-sierl by a thin layer of con- 
nective tissue. This fibrous layer is rather more Inghly dcvc!oj>cd al>out Ibrjse renal 
corpif'Cfes whfcli lie near the medulla than alMUil those of the more jKrripficral 
portions of the cortex. 

Neck of the Tnbttlo.' — In tljJs itortion of tltc rcttal tubule the flattened cpitbelitm) 
of the glomerular capsule rapidly changes to the low columnar type of the proxi- 
mal convoluted portion. This 
section is e.xtrcmely .sliort ; it 
forms a constricted i*oriion 
which marks the l)Cginning of 
the torltmus tnhule. This con- 
striction is more npjiarcnt than 
real, since the calil>cr of the 
tubule in the neck is as great 
as in the succeeding portion 
whose external diameter is. 
however, much increased In 
the increasing height of the 
epithelial cells. This iwrtion of 
the tubule l)cing in relation 
with the renal corpuscle, is 
necessarily found in the cortical 
labyrinth. 

Proximal Convoluted Por- 
tion. — This is the longest ami 
broadest portion of the iirinif- 
erous tubule. Collectively the 
convoluted tubules form the 
greater part of the cortical 
labyrinth, in which region only 
they occur. This portion of the 
tubule is remarkable for the ir- 
regularity of its course, it being -ArrrRtur Glouesul.h Astehm ts 

twisted and bent upon itself in Lovwtudinal Section 

a most tortuous manner. Aris- This shows, on either side, a group of modified 
ing at the renal corpuscle, it at ■ ‘ * 1 ' 

first passes toward the surface , . , ... 

of the organ, but soon turns adjacent to the glomerulus 
about and runs toward the 
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medulla, at first with extreme convolutions, but later pursuing a rather spiral course 
{spiral lubulc). At some distance beyond the border of the medulla the tubule be- 
comes sharply constricted and enters the medullary boundary zone as the slender 
descending limb of Henle’s loop. 

The epithelium of the convoluterl tuhule is of the columnar or pyramidal type, 
its cells having broad, firmly vtnited liases and conical free apices. The lateral 
margins of the cells are often so intimately blended at the base as to resemble a 
syncytium. Wlien isolated, or if outhned by impregnation with silver salts, the 
borders of the epithelial cells arc extremely irregular and are deeply fluted or 
serrated, the serrations of each cell interdigitating with those of its neighbors. The 
deep fluted serrations of the interlocked epithelium give many of its cells a coarsely 
striated appearance, the striation being more prominent beneath the centrally situ- 
ated nucleus than in tlie apical portion of the ell. Other longitudinal striations in 
the proximal or basal portion of the cell are the result of a linear arrangement 



fc. 410 — From a Loncituwnal Sic- 
TioN OF A Convoluted Tubule of the 
G uiNFA-nc’s Kionev. 

The cell outlines ha\e been blackened 
by the Golgi method Very highly magni- 
fied (Landauer ) 



Ftc 411 . — Cross-section of a 
Proximal Convoluted Tubule 
FROM THE Kidney of a Mouse, 
Showing Basal Filaments 
(Probably Largely Mitochon- 
drial) Breaking Up into Gran- 
ules Centrally, and the Cen- 
tral Striated Border of tuf. 
Cells, 

Me\es’ mitochondrial technic. 
Xiooo 


of granules and filaments which occur in this part These appearances often give 
the epithelium of the convoluted tubules a peculiar striated or “rodded” cliaracter, 
The granules and filaments are prolably largely mitochondrial in nature. 
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The apices of the cpitliclial cells arc vcr> easily destroyed, but when perfectly 
preserved often present a delicately strLitcd Iiordcr (brush Ixjrdcr, stcrcocilia). Tlie 
rcniainiitg portions of the cytoplasm arc finely granular. 

Tlie nuclei of the epithelial cells of the convoluted tubules arc spherical in 
shape and do not stain very deeply with miclcar dyes as compared with tlie more 
distinct and deeply staining nuclei of the collecting tubules. Thus they appear as if 
partially clouded by the granular cytoplasm, an appearance which is greatly exj^;- 
gerated with the onset of acute inflammatory processes, which, on attacking the 
kidney, are prone to involve the convoliitcil tubules. The chromatin is quite evenly 
distributed throughout the nucleus and the nuctenr membrane may lie indistinct. 

The cells of the pro.ximal convolulctl tultulcs are relatively rich in mitochondria, 
a condition suggesting a relatively high degree of activity. The c.\treine rarity 
of mitoses in these cells suggests a relatively long life tenure. In certain cases 
of nephritis, where large ixirlions of the kidney Iiavc disintegrated, the proximal 
convoluted segments may undergo extensive comjicnsatory hyjicrplasia. 

The lumen of the proximal convolutwl tubule is of varkihle caliber; it presents 
frequent dilatations. The caliber .also dc|)cnds. to some extent, upon the functional 
activity of the epithelium, whose cells become stinmken, and the lumen correspond- 
ingly dilated, during active secretion. Tlie outside diameter sarics from 40 to 60 
microns, the diameter of the lumen from 15 to 25 microns. The length of this portion 
of the renal tubule is about 13 mm. The combined area of 1,000,000 proximal con- 
voluted tubules of the human kidney Is approximately i square meter. 

While Heidenhin maintained th.at the pro<luclion of urine was a secretory 
process entirely, the more generally accepted interpretation regards the process as m 
major pan excretory. Bowman (1842) licld the position that the glomerulus served 
as a filter for water and that the other constituents of the urine (urea, uric acid, 
sugar, creatinine and certain salts) were secreted by the ncllvity of the epithelial 
cells of the renal tulmle. Ludwig ( 1844) liclievcd that the glomerulus acted as a filter 
to remove from the plasma, water and all substances other than protein; and that 
the filtrate was concentr.atcd in the tubules by return of water to the blood by 
diflfusion. The currently prevailing interpretation is in terms of the theory of Cushing 
(1926) which postulates simple filtration by the glomeruli and selective reabsorption 
of water and certain other constituents by the tubules. 

That the glomerulus is not absolutely essential for the formation of urine seems 
indicated by the fact that in certain fishes (e.g. toad-fish, Edwards, 1928) the kidney 
(mesonephros) lacks glomeruli but nevertheless forms urine. In these fishes each 
nephron consists of a segment analogous to the proximal convoluted tubule of 
mammals; and these aglomerular kidneys produce typical urine. The kidney func- 
tions largely as a regulator of water metabolism, mediated in part especially by the 
thin segment of the loop of Henle, where \vater is resorbed under the control of 
pitressin, a hormone of the posterior lobe of the pituitary gland. 

Descending Limb of Henle's Tubule. — ^In this portion (the slender or narrow 
tubule of Henle), which is, typically, located in the boundary zone of the medulla, 
the uriniferous tubule becomes very much narrowed (8-1 5 ju). The decreased 
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diameter is the result ot diminished height of the lining epithelium rather than 
of any change in the caliber of the tubule. The length of this portion of the tubule 
is very variable; typically it corresponds very neatly with the breadth of the 
meduUary boundary zone. 

The lining epithelium of the descending limb is of a peculiar flattened variety. 
Its cells possess an ovoid nucleus which, being thicker than the surrounding por- 
tions of the cell, projects slightly into the lumen of the tubule. The bulging nuclei 
of opposite sides of the tubule arc not in apposition but interlock with one another, 
the nuclei of one side of the tubule being opposed to the cell margins of the 
opposite side. The lumen of longiUidinal sections through the axis of the tubule 
thus acquires a sort of zigzag outline. The nuclei stain deeply and possess an 
evenly distributed chromatin. The cytoplasm of the epithelium is very finely gran- 
ular, and although its cells are intimately adherent at their lateral margins they 
do not present the typical striations which are cbaracteristic of the preceding portion 
of the epithelium. Reabsorption of water is active in this portion. 

Loop of Henle. — ^As the descending limb enters the loop of Henle, the tubule 
makes an abrupt turn and returns toward the cortex. The location of the loop, 
being dependent upon the variable location in the cortex of the renal corpuscle 
and the variable length of the slender segment, may be in any portion of the 
medulla except the extreme tip of the pyramids. Its most frequent site is near 
the junction of the boundary and papillary zones. 

The structure of the loop may be tliat of cither the descending or the ascend- 
ing limb of the typical loop. It is also subject to great variations, since the change 
in structure from the narrow to the broad type, though it typically occurs just 
prior to the formation of the loop, is frequently delayed until well into the 
ascending limb. As a rule, the change in type occurs earlier when the loop lies in 
the boundary zone, and later when it occurs nearer the apex of the renal pyramid. 
The stout ascending limbs do not occur in the papillary zone of the medulla. 

Ascending Limb of Henle’s Tubule. — ^This jiortion of the tubule (the broad or 
stout limb) returns through the boundary zone of the medulla and enters a cortical 
ray, its course being parallel to that of the desceirding Urnb. It then passes toward 
the surface of the kidney, but finally leaves the ray and enters the labyrinth to 
reach that renal corpuscle (close to tlie vas cfFerens) from which the uriniferous 
tubule took origin, and in relation to which the tubule again acquires a tortuous 
course (distal convoluted portion). Within the boundary zone of the medulla this 
portion of the tubule is much broader than the preceding division, but it becomes 
somewhat reduced in size in its course through the cortical ray. These cells do not 
have brush borders. 

The epithelium of the ascending limb is of a short cuboidal form. Its cytoplasm 
resembles that of the lining epithelium of the convoluted portion, although the 
nuclei in the tubule of Henle are rather more distinct. Basal striations are also 
less distinct than in the convoluted tulmle, the lateral serrations less deep and the 
cell outlines sharper. The cells of this portion frequently possess a slightly imbri- 
cated arrangement. The average length of the tubule (medullary loop) is 15 mm 
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The con»i>aratjvc sttwUfs of n»nnna 1 inn kidneys hy Peter ♦ have revealed certain 
mnwrlaut dcuatU. Peter divides the wedttHary i>{ \ht remt ^lyramld into 

an outer ami iiwrr cone: tliesc jKirtions have no precise corrcsjjondcnce ivhh the 
houminry and |wpiilary rones alKjve incmmncil. In the mslcr rone Peter describes 
an outer atu! an timer stripe, the line of demarcation hciii^j the vcr>* definite level 
where ilie i»roxitnal convoluted tulmlc jasscs Imo the thin, clear, narrow limb of 
ficnic's loop (Fig. 406). The |)oint of transition from outer to inner sone is 



Fjc. 4J2.--A Group of Turules fpom a Tr^ssfctiox of a Rexai. Piramio or the Humax 
Kitvsrn ; THT StCTJOM Passes throucu the Boosoarv 7-oSe. 
a. coltccung tubule; b, ascriKlmg limb of Hcnlc's loop; c, descending limb; d, loop of Henlc- 
Hematein and eosin. PMo. X275. 

marked hy a cliange in the character of the epitheliimi lining the distal limb of 
the long Henle’b loops; the epitliclittm becomes cloudy (granular) and thicker. 
In view of the great variability in the character of the epithelium at the various 
levels in loops of different Icngtlw, and the rcrognition hy Peter of a thicker 
cloudy segment, it seems better to speak of slender char, stout clear, and stout 
cloudy segments of the loop {tubule'). In kidneys of the dog and cat there are no 
really short loops, none lying within the outer zone. In the kidney of the pig 
manv loops lie in the cortex ; such loops lack entirely the slender, clear narrow limb- 
Distal Convoluted Portion. — This portion of the uriniferous tubule (inter' 
calary or intermediate portion) begins dose to the vascular pole of the renal 
corpuscle, and. after several irregular <xmtorttons which are confined to the region 


<Pct«r, 1909 
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of the cortical labyrinth, enters an arched collecting tubule. The distal is much 
shorter than the proximal convoluted portion. Its caliber is sub)ect to great irregu- 
Jarities. so much so that its early turns have been characterized as the irregular 
or zigzag portion of the uriniferous tubule. The epithelium oi this section re- 
sembles that of the proximal convoluted portion but is lower, more cuboidal, the 
striations are indistinct, and tlie cells lack brush borders. 

This portion terminates the typically secretory section of the uriniferous tubule. 
This secretory segment is term^ the nephron. Beyond here the tubule possesses 
more the function of a duct, hence its epithelium shows a decided change in char- 
acter. Hitherto it has possessed the peculiar character, the typically granular cyto- 
plasm, of a secreting type of cell. Beyond the terminal secretory portion or nephron 
the epithelium is no longer so granular hut possesses a characteristically dear 
appearance. The secretory and excretory portions of the renal tubule have a sepa- 
rate embryonic origin, and only secondarily unite to form a continuous duct. 

Arched Collecting Tubule. — The arched collecting tubule (junctional tubule) 
IS a short portion of the uriniferous tubule which connects the distal convoluted 
portion in the cortical lahynnth with the straight collecting tubules ol the cortical 
rays. Its course is charactensticall}’ arched 

The epithelium of the arched tubule consists of clear cuboidal cells w'ith dis- 
tinct outlines and deeply stained, sharply dehned nuclei. The chromatin of the 
nucleus is irregularly distributed, forming numerous kaiyosomes. and the nuclear 
membrane is distinct. The c>toplasm is relatively devoid of granules, and unlike 
that of the secreting epithelium does not possess a strong affinity for the acid dyes. 

Straight Collecting Tubules. — These portions of the renal tubules begin in 
the cortical rays, where they receive the arched tubules, and, proceeding to the 
medulla, become considerably increased in size. They penetrate the boundarj' zone 
of the medulla, all pursuing a parallel or slightly convergent course, and occasionally 
uniting with each other. On entering the papillary zone, by frequent union they 
become rapidly larger, and in the apex of each pyramid finally form about a score 
of large terminal papillary ducts. Though shorter than the convoluted tubules, 
the straight collecting portions, because of their direct course, traverse a broader 
area of the renal tissue. Beginning near the peripheral end of the cortical rays, 
in these columns they cross nearly the whole breadth of the renal cortex and 
entering the medulla extend from base to apex of the renal pyramid. 

Throughout their whole course they progressiveh increase m size and caliber. 
A corresponding progressive increase in the height of their epithelial cells hke- 
u-ise occurs, so that the lumen of the straight tubules of the medulla is not only 
actually greater than that of those of the cortical rays, but the walls of the former 
tubules are also considerably thicker. The extreme of this progression is found 
in the broad lumen and tall epithelium of tlie papillary' ducts. 

The epithelium of the straight tubules, like that of the arched, possesses a dear 
c)toplasm. distinct and tleeply signing chromatic nuclei, and well-defined cell 
outlines. Beginning in the cortical rays with a low columnar type it gradually 
increases in height in the course of the tubule until, in the papillary rone the 
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The comimrative studies of laininialinn kidneys hy I'eicr * have revealed certain 
important details. Peter divides the inedullary j»r>rtjr>n of the rcn.nl pyramid into 
an otifer and iiiitrr ronr; these imrtiotis have »io precise cofTcs|«ndcncc with the 
houndary atid lajHlInry yniics al>ovc nteiitioncd. In the outer rone J’cler describes 
an ol^f^^r and an tuner slrlf^e, the line of ilcntarcation hcitiff the verj* definite Ictel 
where the proximal convointed tuhulc jesses into the thin, clear, narrow limb of 
Hcnle’s loop (Pip. The |)oint of transition from outer to inner cane is 



Fic. 412, — A Group or Tubules from a Trsxsfctiox of a Ke.val PmMio of the Human 
K injfEi , HIE Sfctjon Passes Tiotouoii tub Bou.ndarv Zove. 
a, collecting tubule; b, ascending hmb of Ilcnle’s loop; r, descending limb; d, loop of H«de. 
Hematein and eosm. Photo. X375. 

marked by a change in the character of the epithelium lining the distal limb of 
the long Henic’b loops; the epithelium becomes cloudy (granular) and thicker. 
In view of the great variability m the character of the epitbefium at the s'arious 
levels in loops of different lengths, and the recognition by Peter of a thicker 
cloudy segment, it seems better to speak of slender clear, stout clear, and stout 
cloudy segments of the loop (tubule). In kidneys of the dog and cat there are no 
really short loops, none lying within the outer zone. In the kidney of the pig 
many loops ffe in the cortex ; such /oops Jack entirely the slender, clear narrow limb. 

Distal Convoluted Portion. — ^This portion of the iiriniferous tubule (inter- 
calary or intermediate portion) li^ins close to the vascular pole of the renal 
corpuscle, and. after several irregular contortions which are confined to the regi^ 


♦ Peter, 1909 



THE KIDNEY 


413 


A. Outer Zone 


I. Outer stripe 

(а) straight collecting tubules 
(&) proximal convoluted tubules 
(c) stout ascending limbs ol Henle's loops, in- 
cluding both 

(x) stout cloudy portions, and 

(y) stout clear portions 
. 2 . Inner stripe 

Medulla i (<*) slender clear descending limbs of Henle’s loops 

(б) stout cloudy portion of ascending limbs of 
Henle's loops 

(c) short loops of Henle, of stout cloudy type of 
epithelium 

B. Inner Zone 

(а) straight collecting tubules 

(б) long loops of Henle, entirely of slender dear type 

The following tabular resume may be of service by emphasizing the more 
important peculiarities of the several portions of the uriniferous tubule. 


Portion of Tubule 


Epithelium 


Location 


Renal corpuscle 

Neck 

Proximal convoluted 

Spiral portion of abo%e.. , 

Descending limb 

Loop .... 

Ascending limb 

Distal convoluted 

Arched collecting 

Straight collecting 

Papillary duct . 


Flattened, endotlielioid 
Changing from flattened to 
low columnar 
Low columnar, granular, 
and rodded 

Low columnar, granular, 
and rodded 

Low cuboidal or flattened, 
granular 

Vanes ; like either the pre- 
ceding or following 
Cuboidal or low columnar, 
granular, imbricated 
Low colvmmaT or pyrami- 
dal, granular, and rodded 
Cuboidal, clear cytoplasm, 
dark nucleus 

Cuboidal, changing to col- 
umnar 

Cuboidal, tall columnar 


Cortical labyrimii 
Cortical labyrinth 

Cortical labyrinth 

Cortical rays 

Medulla f boundary and pup- 
illary zones) 

Medulla (boundary and pap- 
i illary zones) 

1 Boundary zone of medulla 
and cortical rays 
Cortical labyrinth 

Cortical labyrinth 

Cortical rays and both zones 
of medulla 

Papillary zone of medulla 


Rekax. Ulooo Vessels, Ly^iviiatics akd Kerves 

Blood Supply.— The Iddney receives its blood supply from the renal artery, 
which, as it enters tlie hilus, divides into two sets of principal branches, of which 
the ventral set supply three-fourths, the dorsal set one-fourth of the renal sub- 
stance. These principal branches, the arteriae propriac rnwles, or interlobar arteries, 
are embedded in the connective tissue of the sinus and follow the walls of the 
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cpilliclium acquires a tall columnar form. The dear cytoplasm and distinct nuclear 
membranes of the cpilljclium of the collecting tubules stand out in sharp contrast 
to the granular cytoplasm and the c\'cnly distributed chromatin in the nuclei of 
the lining cells in the secreting portions of the uriniferous tubules. 

Papillary Ducts. — These duct.s of Bellini arc the wide mouths of the urinifer- 
ous tubules which arc formed by the dichotomous union of from ten to thirty 
collecting tubules, and whicli empty their secretion into the renal calices at the 
ajjcx of tlic renal jjyranilds. They attnia a diameter of from two hundred to 
three hundred microns. They arc lined hy tall columnar cells with an exception- 
ally clear cytoplasm which lias an nlTinity for the ha-sic in preference to the acid 
class of dyes. The nudd arc spheroidal or ovoid in sh.ipc and lie in the basal 
portion of the cell. At their termination several jupillarj* ducts frequently open 
into a common depression or fovcola which is lined hy an involution of the layer 
of transitional epithelium, derived from that of the renal callx, hy which the free 
papillary portion of the renal pyramid is clothed. 

It is ohdous that the entire renal tnhulc, from the glomenilar capsule to the ■ 
papillary duct, is a continuous canal whose epithelial wall, supported by a thin 
homogeneous basement membrane varies in cliaracter in each succeeding portion. 
Thus the pro.ximal and distal conv'olutcd portions and the typical ascending limbs 
of Hcnlc’s loops possess a granular, rodded or striated, acidophil, secreting cpi- 
tliclium; the capsule lias thin cells of an cndothch’oid tyi)C. The t)T)ical descend- 
ing limb and loop of Hcnic’s tubule are lined with flattened finely granular and 
faintly acidophil epithelium ; the curvc<l and straight collecting tubules and papillary 
ducts possess a clear columnar epithelium. It should also l)e noticed tliat the sev* 
eial portions of the renal tubule ocair in dIfTcrent topographical subriivisions of 
the kidney and that, tlierefore, each of the subdivisions contains only certain char- 
acteristic portions of the renal tubule. Thus 

I Renal corpuscle 
Neck of the tubule 
Proximal convoluted portion 
Distal convoluted portion 
Arched collecting portion 

{ Spiral portion of the convoluted tubule 
Ascending limb of Henle’s tubule 
Straight collecting portion 
r Descending limb of Henle’s tubule 
• Ascending limb of Henle’s tubule 
. Straight collecting portion 
'Descending limb of Henle’s tubule 
Loop of Henle’s tubule 
Straight collecting portion 
. Papillary duct 

The following outline, based upon the investigations of Peter, gives a more 
detailed classification of the different portions of the renal tubule in the medulla: 


Cortical Labyrinth (Pars Comvlufa) 

Cortical Rays (Pars radiala) 

Boundary Zone of the Medulla 
Papillary Zone of the Medulla 
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straight course between the parallel tubules of this region and are known as 
artcriohe rectac. They branch freely at acute angles and form a rich capillary 
plexus in the boundary zone, the longest of the vessels reaching beyond the limits 
of this region to supply a less abundant plexus to the papillary zone of the medulla. 



FiC. 414 — ARtEBIAt SURFLV OF KiDNEY. 

The artefiolae rectae arise exclusively as branches of efferent arterioles from glomeruli of 
the corticomedullary zone. (Jlorison.) 

The medullary capillaries, like those of the rays in the cortex, form a network 
with elongated meshes which surround tlie parallel tubules of this region. The 
capillaries of the cortical labyrinth, being distributed among irregular tortuous 
tubules, possess a more polygonal mesh. 

The interlobular veins begin near the surface of the organ where small venules, 
derived from the cortical capillaries and from occasional anastomoses with the 
capsular vessels, unite to form broad thin-walled venous spaces, the stellate veins 
of Verhe>-n, just beneath the capsule. From these subcapsular vessels the inter- 
lobular veins arise, and pass tou'ard the medulla in company with the interlobular 
arteries, throughout their course collecting the minute venules which return the 
blood from the capillaries about the tubules of the renal cortex. 

Arriving at the border of the medulla, but still embedded in the cortical sub- 
stance, the interlobular veins turn sharply’, at nearly right angles to their former 
course, and by free anastomoses form a venous arcade (arciform vein). This 
arcade receives the vcnulac rectae coming from the capillary plexuses of the 
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cnllccs and Infnndiliula. ninut wlifcli llicy lie. thus rcaclnnfj the renal columns 
l>cl\Ymi the rcnnl cnliccs. Jjrre tJiey enter the cortical substance and divide, each 
liranch passing; in a cnrvni or nrchcti nramier l>cne.ifli the l«sc of the adjacent 

pyramids. These s'cssels form an in- 
complete arterial arcade (arciform 
artery) which lies in the marpin of 
the cortex at tJjc outer border of the 
medullary liountlary ^onc. 

}'roni the arterial arcade, branches 
arc supplied only to the cortical sub- 
stance. These cortical branches of the 
arterial arcades arc vessels of «)n- 
sidcrabJe .“sire which enter the lahy- 
rinih Ix-twecn the cortical rays anti 
as ittterlobuhr ortcrics (cortical ar- 
terioles) jiass ihrouph the surface of 
the orpan, a few of the longest 
branches reaching the fibrous capsule 
with whose vessels they anastomose. 
Throughout their whole course the 
interlobular arteries give o/T numer- 
ous short branches, which lease the 
parent stem at a wide angle, and pass 
directly to .i renal cotpuscle as the 
afferent artery (arteriole; vas affer- 
ens) to its glomerulus. Here it sup- 
plies the capillary plexus in the 
manner already described (p. 404)- 
Certain of the afferent arterioles 
are pcailiar in that (i) they give off 
small branches which supply capil- 
laries directly' to the convoluted 
tubules of the cortical labyrinth; and 
( 2 ) they’ occasionally form a small 
retc inirabile before they reach the glomerulus. By for the greater portion of the 
branches of the interlobular arteries, howcw, pass directly to the glomeruli. The 
capillaries of the glomenilus reunite to form an efferent vessel which, after leaving 
the corpuscle, promptly breaks into a second capillary’ plexus about the adjacent 
tubules. 

The medulla receives its arterial supply from efferent vessels of those glomeruli 
which lie in the juxtamedullary portion of the cortex.® These medullary arterioles 
are peculiar in that they’ lack circular muscle fibers; structurally they resemble 
the medullary veins. They’ are slender vessels %vhich pursue a chafacteristical^’ 



Fic, 413 — The DisTKintrrto.v or the Left 
Renal Arterv. 

Of the six aricriae propriac rcnalcs, fi»c enter 
in front of the renal pelvis, and. lying upon 
the wall of the cah'ces, are distributed from the 
arterial arcade to tlie cortex a, ureter; fr, renal 
artery; r, arteriae propriae rcnalcs; tf, the dark 
border is the cortex, within uiiich is the lighter 
medulla. (After Brodel, from Szymonowicz and 
AfacCallum ) 


sMorison, 1926 
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The deep renal lymphatics accompany the arter- 
ies and veins throughout their course. They form 
narrow cleft-like vessels of irregular caliber in the 
scanty interstitial tissue between the uriniferous tu- 
bules of both cortex and medulla. These vessels are 
relatively few in number. They converge to the hilus 
of the organ where they pass to the nearby lymphatic 
nodes. 

Nerves. — The nen’es of the kidney include both 
myelinated and unmyelinated fibers. The sympathetic 
fibers form a ganghonated plexus in the connective 
tissue about the renal pelvis. From this plexus fibers 
are distributed to the blood vessels of the capsule 
and to the parenchyma of the organ. The latter ac- 
company the blood vessels, distributing their fibers 
to the walls of the arteries and veins and also 
to the uriniferous tubules of both the cortex and 
medulla. 

The parenchymal branches form an epilemmal 
plexus in the interstitial connective tissue about nil 
portions of the uriniferous tubule. From this plexus 
fibrils pierce the membrana propria and anastomose 
to form a hypolemmal plexus about the base of the 
epithelial cells. Terminal fibrils penetrate between the 
epithelial cells where they form minute end-knobs. 



Fig. 415.— Nerve Endings 
IN A Convoluted Tubule 
OF THE Frog’s Kidney 
0, nerve fiber; b, blood ves- 
sel; c, secreting epithelium. 
Methylene blue ; cochineal. 
Very highly magnified. (Aft- 
er von Smirnow.) 



Fic. 416.— Cast or the Pelvis, Intosmbula and Calices of the Kidneys 
Showing the expansion of the ureter, the subdmsion of the pehis and the 
by which the calices fit over the apices of the renal pyramids (Hauch ) 


of a Man, 
concave facets 
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medulla, and at the border of the renal pyramid enters a renal column to unite 
with similar vessels coniinjr from the borders of the adjacent p)ramids. The 
unioji of these venous arcades fomts large venous trunks which leave the renal 
columiivS, in company with the arteries, as tlic venae propriae rcmlcs (interlobar 
veins). They enter the connective tissue of the hilns, traverse the wall of the 
infundibula, major calicos, and renal pelvis, and finally unite to form the rend vein. 

The vctmlac rcctac arc ixrculiar in their typically straight course, and in the 
fact that the cells of their endothelium arc extremely long. They frequently 
present a somewhat fibrous appearance, the elongated axis of tlic cell being par- 
allel to the long axis of the vessel. 

The capsule of the kidney is supplied hy branches of the lumlar, phrenic, 
and suprarenal arteries, which form a rich, c.ipillar)* plexus. These vessels anas- 
tomose with the terminal branches of the intcrlolmlar arteries of the kidney in 
the manner above dcscrilicd — a fact wliicli acrjiiires surgical importance from 
its relation to the establishment of a colhtcral circulation. 


COURSE OF THE RENAL CIRCULATIO.N 
Rcn.nl aricry Renal vein 

Artcfiac proprhc fcnalca 


I 

Arterial nrcatlc 


Venae preurWe renales 
Venom arcaJe 


;/ / N . 

Interlobular arteries Artcriolac fcctae Venubc reciae Interlobular veins 

I \ \ . y" / t 

I *'*'***» Capillaries of mcrtuHa f 

X Venae stellatac 




Afferent artery to renal corpuscle 


^ ^ I 

I ' Capillaries of the rortic.il lahvrin^ 

Y \ / 

Capillaries of the glomeruli \ / 

^ A . / 


Efferent vcwl from renal corpuscle 


The above table may be useful as a resume of the more important paths 
in the course of the renal circulation. In it the names of the several vessels are 
arranged in order and the arrows indicate the direction of the blood current. 

Lymphatics. — ^The renal lymphatics consist of a superficial set which forms 
plexuses in the perirenal fat and deeper layers of the capsule, and a deep set which 
supplies the parenchjtna of the organ. These two sets of lymphatic vessels are m 
communication by frequent anastomoses. The vessels of the superficial set convey 
their lymph to the neighboring lymph nodes of the lumbar region. 
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The deep renal lymphatics accompany the arter- 
ies and veins throughout their course. They form 
narrow cleft-Hke vessels of irregular caliber in the 
scanty interstitial tissue between the uriniferous tu- 
bules of both cortex and medulla. These vessels are 
relatively few in number. They converge to the hilus 
of the organ where they pass to the nearby lymphatic 
nodes. 

Nerves. — The nen,’es of the kidney include both 
myelinated and unmyelinated fibers. The S3’mpathetic 
fibers form a ganghonated plexus in the connective 
tissue about the renal pelvis. From this plexus fibers 
are distributed to the blood vessels of the capsule 
and to the parenchyma of the organ. The latter ac- 
company the blood vessels, distributing their fibers 
to the walls of the arteries and veins and also 
to the uriniferous tubules of both the cortex and 
medulla. 

The parenchymal branches form an epilemmal 
plexus in the interstitial connective tissue about all 
portions of the uriniferous tubule. From this plexus 
fibrils pierce the membrana propria and anastomose 
to form a hypolemmal plexus about the base of the 
epithelial cells. Terminal fibrils penetrate between the 
epithelial cells where they form minute end-knohs. 



Fic. 4*5 — Nerve Enoixcs 
IK A COKVOLUTFD TuBULE 
or TUB Frog’s Kidnev. 
a, nerve fiber ; b, blood ves- 
sel; e, secreting epitheliuni. 
Methylene blue : cochineal 
Very highly magnified. (Aft- 
er von Smirnow.) 



Fio 4i6_C.si or THE Pelvis, Intokokola mo Calices or the Kidhevs or A Mas. 

Showing the expansion of the ureter, the subdhision of the nelvis anrl r . 

br Mhirh ths «I.„s fit over the apices of the reoal PrraraHs (Haih ) " 
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medulla, and at the border of the renal pyramid enters a renal column to unite 
with similar vessels cominjj from the Ixirdcrs of the adjacent pyramids. The 
union of these venous arcades forms large venous trunks which leave the renal 
columns, in company with the arteries, as the venae propriac rcnales (interlobar 
veins). They enter the connective tissue of the hilus, traverse the wall of the 
infundihula, major caliccs, and renal pelvis, and finally unite to form the renal vein. 

The vcnulac rcctac arc jieculiar in their typically straight course, and in the 
fact that the cells of their endothclinm arc extremely long. They frequently 
present a somewhat fibrous appearance, the elongated axis of the cell being par- 
allel to the long axis of the vessel. 

The capsule of the kidney is stip|)licd hy brandies of the lumlxir, phrenic, 
and suprarenal arteries, which form a rich, capillary plexus. These vessels anas- 
tomose with the terminal branches of the hitcrlohular arteries of the kidney in 
the manner alKivc dcscrilicd — a fact winch acquires surgical importance from 
its relation to the establishment of a collateral circulation. 


COURSE OF THE RENAL CIRCUL/\TION 
Renal flftcry Renal vein 

I 

Artcriac propriac rcnales 


Aflcriat arcade 


Wnae propriac rcnales 

r~ 

Vcnou< arcailg 


/ / N . 

InlcfloLuIafartcrles Arlcriolac rcctac Vcnulac rcctac InlcHobular vein? 


/ t 




1 \ \ , 

c Capillaries of mciliiRa j 

J, Venae slcllatac 

Afferent artery to renal corpuscle v | 

j ' C.apillarics of the rortic.il l.abyrin 

Y \ / 

Capillaries of the Rlomcruli \ / 


Efferent vessel from renal corpuscle 


The above table may be useful as a resume of the more important paths 
in the course of the renal circulation. In it the names of the several vessels are 
arranged in order and the arrows indicate the direction of the blood current. 

Lymphatics. — ^The renal lymphatics consist of a superficial set which forms 
plexuses in the perirenal fat and deeper layers of the capsule, and a deep set which 
supplie"s the parenchyma of the organ. These two sets of lymphatic vessels are m 
communication by frequent anastomoses. Tlie vessels of the superficial set convey 
their lymph to the neighboring lymph nodes of the lumbar region. 
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The deep renal lymphatics accompany the arter- 
ies and veins throughout their course. They form 
narrow cleft-like vessels of irregular caliber in the 
scanty interstitial tissue between the uriniferous tu- 
bules of both cortex and medulla. These vessels are 
relatively few in number. They converge to the hilus 
of the organ where they pass to the nearby lymphatic 
nodes. 

Nerves. — The nerves of the kidney include both 
myelinated and unmyelinated fibers. The sympathetic 
fibers form a ganglionated plexus in the connective 
tissue about the renal pelvis. From this plexus fibers 
are distributed to the blood vessels of the capsule 
and to the parenchyma of the organ. The latter ac- 
company the blood vessels, distributing their fibers 
to the walls of the arteries and veins and also 
to the uriniferous tubules of both the cortex and 
medulla. 

The parenchymal branches form an epilemmal 
plexus in the interstitial connective tissue about all 
portions of the uriniferous tubule. From this plexus 
fibrils pierce the membrana propria and anastomose 
to form a hypolemmal plexus about the base of the 
epithelial cells. Terminal fibrils penetrate between the 
epithelial cells where they form minute end-knobs. 



Fic. 415. — Nerve Endings 
IN A Convoluted Tubule 
OF THE Frog’s Kidney. 

(t, nerve fiber ; b, blood ves- 
sel; c, secreting epithelium 
Methylene blue; cochineal. 
Very highly magnified. (Aft- 
er von Smirnow.) 



Fig 416— Cast or the Pelvis, IsrnuDiBmji aud Calices or the Kidney 
swing the expansion of the ureter, the suMivtsion of the pelvis, and the 
by which the calices fit over the apices of the renal pyramids. (Hauch ) 
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medulla, and at the border of the renal pyramid enters a renal column to unite 
with similar vessels coniinp from the liordcrs of the adjacent pyramids. The 
union of these venous arcades forms large venous trunks which leave the renal 
columns, in company with the arteries, as the t'cnae prof’riac rciiales (interlobar 
veins). They enter the connective tissue of the lulus, traverse the wall of the 
infundibula, major caliccs, and renal |>clvis, and finally unite to form the rcitalvein. 

The vennlac rectac arc iK'Cultar in their typically straight course, and in the 
fact that the cells of tlieir cndothcliniu arc extremely long. They frequently 
present a somewhat fibrous appearance, the elongated axis of the cell being par- 
allel to the long axis of the vessel. 

The capsule of the kidney is supplied by branches of the lumlor, phrenic, 
and .suprarenal arteries, which form a rich, capillary plexus. These vessels anas- 
tomose with the terminal branches of the intcrlobidar arteries of the kidney in 
the manner above dcscril>cd — a fact which acquires surgical imiwrtance from 
its relation to the establishment of a collateral circulation. 


COURSE OF THE RENAL CmcUI..\TIO.N 
Renal artery penal vein 


.1 


Artcfiae propri.ic renalca 
Aficrial arcade 


Venae propfiac renale* 


t 

Venous an 


y / N . 

IntcrlobnlaArterics Artcfiolac rectac Venuhe fcct.^e Interlobularyeinj 

I ^ \ \ 

, Capillaries of metlulla / x. 

T Venae stellatae 

Afferent artery to renal corpuscle y 

^ \ ^ 

Capillaries of the glomeruli » / 

\ \ / 

Efferent vessel from renal corpuscle 


t 1 

Cipillarieg of the rortiail l.ibvnnth 


The above table may be useful as a resume of the more important paths 
in the course of the renal circulation. In it the names of the several vessels are 
arranged in order and the arrows indicate the direction of the blood current. 

Lymphatics. — The renal lymphatics consist of a superficial set winch forms 
plexuses in the perirenal fat and deeper laj'crs of the capsule, and a deep set which 
supplies the parenchyma of the organ. These two sets of lymphatic vessels are in 
communication by frequent anastomoses. Tlie vessels of the superficial set convey 
their lymph to the neighboring lymph nodes of the lumbar region. 
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tissue which here and there projects into the epithelial layer carrying with it 
the most superficial capillary vessels. The cells of the deeper layers divide by 
karyokinesis and push toward the surface to replace the more superficial cells 
which are gradually desquamated. Direct cell division occurs in the large plate- 
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Fig. 418. — ^Transitional Epithelium of Doc’s Ureter. 

A, in the contracted condition; B, in the distended condition; a, basal layer of cubic cells; 
b, middle layer of polygonal cells; c, superficial layer of rectangular and ovoid cells. (Harvey.) 

like cells of the superficial layer. The thin transitional epithelium of the calices 
is continuous with the columnar epithelium of the papillary ducts. 

The lamitia propria, continuous with the renal interstitial tissue, contains both 
collagenous fibers and elastic fibers. It is indistinctly divisible into a superficial 
denser portion, and an open-meshed deep portion whose fibrous bands loosely 
attach the mucous membrane to the muscular coat. This deep layer is analogous 
to the submucosa of the alimentary' tract. The mucous membrane is thrown 
into numerous deep folds or rugae which in the ureter have a longitudinal direc- 
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BENAL PELVIS AND DBETEBS 

The excretory iwssa^cs of the kiMncy UkIwIc iIjc renal pelvis, the ureters, 
the urinary hlaihler an«l tlic urethra. AH of these fiortions i)0sscs3 certain com- 
mon characteristics. TJjcy have three coals, mucous, muscular, and fibrous, and 
arc linctl witlj a common tvpc of cpilhelttim, transitional, which extends from 
the rctial i>clvis to the prostatic }>ortion of the urethra. 






Fig. 417. — Tbaksectiox or Ureter or Mak. 

E, traiisitionat epUhelium; /*., lamina propria; C, Jl/., circular muscle tajer; I~ 
longitudinal muscle layer; K, outer fibrous layer. 

The vtticosa of the renal pelvis and ureter is lined wth transitional epithelium 
U’hich rests upon a hbrous lamina propria. The epithelium consists of several 
cell layers, of which the superficial is formed by broad cuboidal cells, or thidc 
flattened plates, whose form varies with the state of distention of the organ, 
and whose deep surfaces are indented by the rounded ends of the pear-shaped 
cells which form the deeper layers. The deepest cells are smaller and are irregu- 
larly spheroidal in shape. They are firmly attached to the underlying connective 
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RENAL PELVIS AND URETERS 

tissue which here and there projects into the epithelial layer carrying with it 
the most superficial capillary vessels. The cells of the deeper layers divide by 
karyoWnesis and push toward the surface to replace the more superficial cells 
which are gradually desquamated. Direct cell division occurs in the large plate- 



Fig. 418. — Transitional Epithelium of Dog’s Ureter. 

A, in the contracted condition ; B, in the distended condition ; a, basal layer of cubic cells ; 
f», middle layer of polygonal cells , c, superficial layer of rectangular and ovoid cells. (Harvey ) 


like cells of the superficial la>er. The thin transitional epithelium of the calices 
IS continuous with the columnar epithelium of the papillary ducts. 

The lamiita propria, continuous with the renal interstitial tissue, contains both 
collagenous fibers and elastic fibers. It is indistinctly divisible into a superficial 
denser portion, and an open-meshed deep portion whose fibrous bands loosely 
attach the mucous membrane to the muscular coat. This deep layer is analogous 
to the submucosa of the alimentarj' tract. The mucous membrane is thrown 
into numerous deep folds or rugae which in the ureter have a longitudinal direc- 
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RENAL PELVIS AND URETERS 


The excretory passo^'cs <jf the kidney incJudc the renal pelvis, the ureters, 
the urinary hladtlcr an<l the urethra. AH of thc«c i>ortions j) 05 scss certain com- 
mon characteristics. They have three coats, mucous, tmivular, and fibrous, and 
arc lined with a coniiium t>pc of epithelium, transitional, which extends from 
the renal jiclvis to the proslatic (lortion of the urethra. 






Fig. 417. — ^Transection of Ureter of Man 
E, transitional epithelium; L. P., lamina propria; C, M, circular muscle layer; L. 
longitudinal muscle layer, P., outer fibrous layer. 

The umco^a of the renal pelvis and ureter is lined with transitional epitheliuin 
which rests upon a fibrous lamina propria. The epithelium consists of several 
cell layers, of which the superficial is formed by broad cuboidal cells, or thick 
flattened plates, whose form varies with the state of distention of the organ, 
and whose deep surfaces are indented by the rounded ends of the pear-shaped 
cells which form the deeper layers. The deepest cells are smaller and are irre^- 
larly spheroidal in shape. They are firmly attaclied to the underlying connective 
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RENAL PELVIS AND URETERS 

tissue which here and there projects into the epithelial layer carrying tvith it 
the most superficial capillary vessels. The cells of the deeper layers divide by 
karyokinesis and push toward the surface to replace the more superficial cells 
which are gradually desquamated. Direct cell division occurs in the large plate- 
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Fic. 418. — Transitional Epithelium op Doc's Ureter 
A, in the contracted condition; B, in the distended condition; a, basal layer of cubic cells; 
b, middle layer of polygonal cells, c, superficial layer of rectangular and ovoid cells. (Harvey.) 


like cells of the superficial layer. The thin transitional epithelium of the calices 
IS continuous with the columnar epithelium of the papillary ducts. 

The lamiva propria, continuous wth the renal interstitial tissue, contains both 
collagenous fibers and elastic fibers. It is indistinctly divisible into a superficial 
denser portion, and an open-meshed deep portion whose fibrous bands loosely 
attach the mucous membrane to the muscular coat. This deep layer is analogous 
to the submucosa of the alimentary tract. The mucous membrane is thrown 
into numerous deep folds or rugae which in the ureter have a longitudinal direc- 
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lion ; tfits conclih'on fjivcs to the canaf iii transverse section a stellate appearance. 
Irregular fol<ls or invaRinatiom of the opitlielium occur in flic renal pelvis and 
liavc been descriljcd as #;lan(ls, but Inie .sccrctlfif: {;/am|s arc not foun<!. Occa- 
sional Jynipliocytcs occur tti the muct>««i, and small lymph nodules have also been 
found but cannot be rc^^^rded as of cYinstant occurrence. The mucosa becomes 



a, b and e, compose the tunica mucosa, d. e arel /, the luntca muscularis; {/, tunica serosa, 
a, transitional epithelium, b, lamina propria mucosae; e, deep portion of tunica mucosa, corre- 
sponding to a tela suhmucosa, d, mtcmal longitudinal muscle layer; e, middle circular 
layer; /, external longitudinal muscle layer. The tunica mucosa is thrown into larger ano 
smaller folds. Xzo 

gradually thinner as it is traced through the calices and infundibula and is reflected 
upon the surface of the renal pyramids. 

The muscular coat of the ureter consists of a well-defined layer of circular 
fibers within which are many discrete bundles of longitudinal, smooth muscle. 
In the lower half of the ureter a third layer, whose fibers also liave a longitudinal 
direction, is found outside the circular fibers. In this portion of the ureter, there- 
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renal pelvis and ureters 

fore, the muscular coat consists of three layers, an inner longitudinal, middle 

circular, and outer longitudinal. , 

In the renal pelvis and calices the muscular coat becomes progressively thinner 
toward the renal substance, and at the apex of the pyramid consists chiefly of 
circular fibers which are slightly thickened to form a sphincter about the papilla. 



Fig 420. — ^The Mucosa of a Child’s Bladder in the Co.ntracted State of the Organ. 

a-a, and a'-a', transitional epithelium; b, fibromuscular tissue of the mucosa. Hematein and 
eosin. Photo. X216. 

The outer fibrous coat of the ureter consists of areolar tissue which blends 
with that of the surrounding parts In the renal pelvis this coat becomes con- 
tinuous with the connective tissue capsule of the kidney. (For development of 
excretory passages, see Chapter XV ) 

Blood Supply. — The larger blood vessels lie in the outer fibrous coat and dis- 
tribute branches to the muscular coat and to the mucous membrane. In the latter 
they form a superficial capillary plexus which is in unusually intimate relation 
with the deeper cells of the lining epithelium. 

Lymphatics.— The l>mphatics begin in an intramuscular plexus and, by scanty 
vessels, in the deeper part of the mucosa They pass to larger vessels in the outer 
coat, which possess valves, and convey the lymph to the neighboring lymph nodes. 

Nerves. — The nerves form a coarse plexus in the outer fibrous coat which con- 
tains many small ganglia. From this plexus motor fibers are distributed to the 
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muscular layers, and scii«;ory fibers to tlic mucosa. The latter fonn a plexus 
beneath the epithelium whence terminal fibers pass to end by minute end brushes in 
the connective tissue and liy’varicose fihrik Iictwccn the <lccp cells of the cpitheliuir. 

THE URINARY BLADDER 

The wall of the urinary Iiladder closely resembles that of the ureter. It con- 
sists of mucous, muscular and fibroscrmis coats. Its mucous membrane is lined 
with transitional epithelium like that of the ureter and renal |>elvis. It is there- 



o 

Fic, 421 — ^Traxsitiosal Epitiifuum of Dok’s Bladdr*. 

A, in the contracted condition; B, m the distended condition. 0, basal layer of cubic celts, 
b, middle layer of polygonal cells; c, superficial layer of rectangular cells. (Harvey.) 

fore impossible to determine from which of these portions detached epithelial 
cells are derived when found by microscopical examination of the urine. Epithe- 
lium may become detached from any portion of the excretory passages, and as 
a result of inflammatory changes not only the sttperficial cells but also the deeper 
pear-shaped cells may be desquamated. 

The character of the epithelium varies with the collapse and distention of 
the organ. When empty the mucous membrane is thrown into deep folds or 
rugae, whose surface also presents secondary folds of irregular direction. The 
epithelial layer is relatively thick, and is thicker on the sides of the folds than 
upon either their apices or bases where the folding of the epithelium increases 
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the tension of its cells. When the oi^n is distended, the folds are more or less 
completely obliterated, the epithelial layer is much thinned, often until it appears 
to consist of no more than a double byer of cells, and its cells become much 
broader and relatively much thinner than in the collapsed or empty condition.* 
Hence the transitional variety of epithelium, with which the organ is lined, iila)- 
be said to be remarkable for the extreme ebsticity of its cells. 

The mucous membrane, except near the urethral orifice, contains no glands. 
In this location, however, the bladder of adult man contains a few small mucus- 
secreting glands, lined with columnar cells. These are not present in infancy. 
They have been interpreted'as vestigial prostatic tubules. 

The lamina propria resembles that of the ureter and is loosely united to the 
underlying jiiurcufar coai. 




Fig. 423 — Epithelial Cells ffom the Bladder op the Rabbit. 

A, as seen from tlic under surface, sliowinc the depressions made by the underlying polygonal 
and pyriform cells (P) ; B, side view of similar cell. (After Klein, from Schafer.) 

The fmirVo tmirrii/arir is formed by interlacing bundles of smooth muscle. 
It varies much in thickness according to the conciiiion of the organ, being rela- 
tively thick when the viscus is empty and very thin when it is completelv dis- 
tended. In most portions three indistinct layers can be observed, a middle thick 
layer of circular fibers, and an inner and outer longitudinal layer. The outer 
longitudinal muscle is most distinct on the anterior and posterior surfaces of 
the organ. 

The fiim'co fibrosa of the bladder consists of areolar tissue, haHng very hroad 
meshes. In the lower portion of the bladder this coat blends wnth the connective 
tissue of the adjacent organs. Over the fundus of the organ it is clothed with 
peritoneal mesothelium 

Vasctllar and Nerve Supply— The vascular and nerve supply of the bladder 
is exactly similar to that of the ureter. The larger blood vessels occur in the 
outer fibrous coot, whence they distribute branches to the muscular coat and 
mucous membrane. Many small ganglia are also found in the outer coat, and 
motor and sensory nerves are distributed to the musculature and to the cpithe- 
Vmm and c onnective tissue of the mucosa, as in the ureter, ' 

* Harvey, K W., 1909 ~ ^ I 
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THE URETHRA 
Tirn FitMALc Uketiiba 

. Tlic mucosa of the female tircthra is /m«l with a variahfc type of epithelium. 
Bcinp continuous with the mucosa of the hlnililcr, the epithelium of the urethra 
i.s at first of the transitional s-ariciy, hut as it approaches the meatus this is 
changed to a stratified squamous type which is continuous with that of the vesti- 



Fio. 423 — Transection op the Female Urethra. 
d, gland-Iike diverticulum; <■, urethral epithelium; L, urethral lumen; tn, striated fibers of 
the urethral muscle . s, erectile tissue of tlie lamina propria, containing many venous spaces and 
smooth muscle fibers. X 10 (Kolliker.) 

bule. In certain individuals the superfidal cells of the midportion of the urethra 
are much elongated. In such cases they assume an irregular stratified columnar 
form. 

The epithelium rests upon a lamina propria of dense areolar connective tissue 
whose outer portion blends with a looser connective tissue which contains many 
broad venous channels and forms a sort of spongy erectile tissue. This erectile 
coat is surrounded by a thin muscular coat whose innermost fibers, longitudinal 
in direction, are continued outward to the meatus, and whose outer circular fibers, 
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deficient toward the meatus, are often slightly thickened near the neck of the 
bladder to form an indistinct sphincter urethrae muscle. This coat contains occa- 
sional striated muscle fibers. The female urethra is scantily supplied with urethral 
glands which open near the meatus and supply a meager mucoid secretion. 

The Male Urethea 

The male urethra conducts the urine from the bladder to the surface, its 
course being through the axis of the corpus spongiosum of the penis (Fig. 454). 
It forms the terminal segment also of the genital canal and conducts the semen. 
It accordingly performs a double function, serving both the urinary and the 
male reproductive system. The character of its epithehum is vanable, not only 
in its successive ^rtions, but it is also subject to great individual variation. Like 
that of the bladder and ureter it clunges its appearance according as the canal 
is collapsed or distended. In the first or prostatic portion of the urethra the 
epithelium is of the transitional type; in the membranous and penile portion its 
superficial cells are elongated so that the epithelium usually acquires a stratified 
columnar form; near the meatus the type is again exchanged for a stratified 
squamous epithelium which is continuous with that of the glans penis. 

The lamina propria of the urethra consists of areolar tissue in which are 
embedded the smalt branched tubulo-acmose urethral glands (of Littre) lined 
with columnar, mucus-secreting cells. These glands are more abundant along 
the upper surface. The mucosa also contains frequent lacunar invaginations of 
the epithelium, and is thrown into longitudinal rugae, its lumen being obliterated 
except when distended by the passage of urine. 

The lamina propria, and especially that portion which is distant from the 
urethral canal, is permeated b)' the thin-walled broad venous spaces of the erec- 
tile tissue of the corpus spongiosum (corpus caver 7 iosum urethrae). The septa 
between these venous spaces, in addition to the dense areolar tissue of which 
they chiefly consist, contain many bundles of longitudinal smooth muscle. In the 
deeper portions of the urethra circular muscle fibers are also found in the outer 
part of this coat, and near the orifice of the bladder they are somewhat thickened 
to form the sphincter urethrae. Moreover, the corpus spongiosum is invested 
with a thick sheath of dense fibrous connective tissue. At the apex of the prostate 
circularly disposed striped muscle fibers form a second urethral sphincter, the 
external vesical sphincter. 

Nerve Supply.— The nerve supply ot the urethra includes both sensory and 
motor spinal fibers, and sympathetic fibers lor the smooth muscle and the blood 
vessels. 



CHAPTER XV 


THE REPKODUCriVlt SYSTEM 

The reproductive s>'stcni tlifTers widely in the two sexes. The severnl organs 
involved are, however, In general strictly homologous in male and female. The 
differences result from a divergent S|>cciall7ation related to a divyslon of function 
in the reproductive act and process. TItc specialization involves both progressive 
and regressive changes, the latter producing certain vestigial appendages, of dif- 



Fic. 42.1. — Male Genitalia. (Adapted from Merkel.) 
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ferent origin in the two sexes. The*inalfe organs of reproduction include a pri- 
marily and essentially internal group of genital organs, namely a pair of testes 
and their associated ducts, glands and appendages; and an external genital organ, 
the penis (Fig. 424). The female oi^ns of reproduction likewise include an 
internal group of genitalia, namely a pair of ovaries with their ducts and the 
associated glands and appendages; and a group of external genitalia and glands 
(Fig. 425). The essential sex organs are the testes and ovaries, respectively. 

DEVELOPMENT 

The original pnmordia are the same in both sexes. They include essentially : 
a pair of undifferentiated sex glands or gonads located on the mid-ventromesial 
side of each fetal kidney (wolffian body or mesonephros) ; a double pair of par- 



Fic. 426— The Metamorpuoses ot the Ixpifferest (/I) Urogenital Systfai into the 
Male (iJ), and Female (C) Ststems. (From Polak, after Hertwig.) 

(See p. 428 for B and C.) 

allel canals, the fetal wolfhan (mesonephric) ducts and the muDerian ducts. An 
embryo at this stage of development (13 millimeters. Fig. 223, about 45 days) is 
said to be in the indifferent sexual stage. The ducts communicate terminallv with 
the gonads and with the exienor. Subsequently they undergo a different develop- 
ment. as do also the terminal associates (gonads, and urogenital sinus, respec- 



Kidnrn ' 


A pr>miao* f! Uttitt* 1 

«/ tlerg'yr'f 1 



Flo. 4z6 B, C. 

428 




429 



430 


THE REPRODUCTIVE SYSTEM 

lively) in tlic two sexes. For the dctnils of this process reference must be made 
to textbooks of embryology. The primitive gonads in the female develop into the 
ovaries, in the male into the testes. In the female the mullcrian ducts become the 
oviducts, and fuse proximnlly to form the uterus and vagina; in llie male, these 
ducts sufTcr regressive changes and perstist only as vestiges; an appendix for each 
testis, and the unpaired sinus fioculari.s. On the contrar>', the wollhnn duct Incomes 
vestigial in the fcm.i1e, jicrsisting as the ap])ciidix fimbriae (hydatid of Morgagni) 
and the canal of Gartner; while in the male it develops into the main portion of 
the definitive duct system: ductus cpididyniidis. anti ductus deferens. The tubules 
of the fetal kidney (wolffian body) also contribute to the excretory duct system. 

Adult Male and Female Dfrivativfs of tme Fetal (I.sbirFERE.s'T) 
RFJRODUCTlVr. Systt.si * 


ISTERKAL CeSITALS 


Indifferent Stage 

M.ilc 

Female 

Genital ridge 

Testis 

Gulicm.'iculum (in part) 
Mesorcitium 

Fimbria ovarica 

Ovary 

Ovarian ligament 
Mesovarium 

Wolffian l)ody (tubules) 
(mesonephros) 

Globus tmajor of epididymis 
(diictuH efferentes) 
Paradidymis 

Ductidi aberrantes 
/If'f'cudix of epididymis 
{stalked hydaddy 

Bpoaphoron (poroi'odum, of' 
gan of Roscnmuller) 
Paroophoron 

Wolffian duct (mesonephric 
duct) 

Duct and globus minor of 
epididymis 

Ductus deferens 

Seminal vesicle 

Ejaculatory duct 

OiiV/ vesimlar attndtjr 
{hydatid of Morsagni) 
Collecting luhidc of cfo- 
ophoroit 

Canal of Gartner 

Mullerian duct 

/ipfendir testis (sessile hy- 
datid) 

Sinus pocularis (uterus or 
ivgiua masetdina, or utric- 
ulus prostaiicus) 

Oviducts (uterine or fallopian 
tubes) 

Uterus 

Vagina 


F.xtprnai. Genitat.'? 

Urogenital sinus 

Genital tubercle 

Genital folds 

Genital swellings 

5 Prostatic and membranous ) 

I portions of male urethra) 
Penis 

Scrotum 

Urethra 

Vestibule 

Clitoris 

Labia minora 

Labia majora 


The vestigial structures are given in italics, synonyms i«« parentheses. 
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In the male, a cephalic group of from lo to 15 tubules persists to form the duc- 
tuli efferentes ; a caudal group becomes vestigia! forming the ductuii aberrantes, 
the paradidymis and the appendix epididymidis. In the female, these ducts early 
disappear for the most part— a variable number persisting as vestigial struc- 
tures : the epoophoron and the paroophoron. 

The seminiferous tubules of the testis, including the tubuli recti and the rete 
testis, arise as solid cords of cells. These cords subsequently acquire a lumen, 
and connect with the efferent tubules. In the ovary likewise such cell cords (sex 
cords) appear, continuous with the peritoneal (germinal) epithelium ; from these 
in part develop the ovarian follicles with their ova. 

The outline on the preceding page summarizes in tabular form the main facts 
regarding the development of the reproductive system. 

In both sexes the wolfhan duct proximally sprouts a duct which dilates and 
subdivides distally, meanwhile separating from the parent duct and making a 
secondary connection with the developing bladder. The subdivisions elongate to 
form the collecting portions of uriniferous tubules, and unite with ontogenetically 
distinct tubules (the secretory portions or nephrons) to form the complete renal 
tubules. The original dilatation and earlier subdivisions become the pelvis and 
calices respectively, and the proximal portion of the original primordia persists 
as the ureter. 


OAIVIETOGENESIS 

The study of tlie sex or genital glands, the ovary and the testis, is perhaps best 
approached by way of a consideration of the mechanism by which they perform their 
respective specific functions, namely the proiluction of ova and spermatozoa ripe for 
union. The common process is known as fjamelogcncsis. The end products are the m.ile 
and female gametes, or spermia and ova. In the male the process is known as spermato- 
genesis, in the female, oogenesis. The act of subsequent union of the g.imetes is called 
fcrttlisalion, and the fertilized egg is the zygote. 

The result of gametogencsis is the preparation of .a primary germ' cell for union with 
a gamete from the opposite sex. The essence of the process is known as inaturalwn 
(meiosis). and involves prominentiy mitotic cell division. However, the method of division 
IS not of the simple homeotypic type, where a chromosome simply divides longitudinally 
into two daughter chromosomes, but it is of the type called heterotypic, the chief charac- 
teristic of which is the formation of tetrads. Tlie latter are of various sorts, all, how- 
ever, characterized by a four-lobed condition representing a quadripartite double or 
bnatent chromosome (Fig. 428). 

Both sperms and eggs trace their ancestry back to primordial germ cells, indistin- 
guishable m the sexually undifferentiated organism, except for a difference in chromo- 
some content, which difference is commonly indiscernible. In certain instances eg 
Ascarts, the germ cell can be distinguished from the soma cell at the two-cell stage In 
a number of vertebrates, dogfish, turtle, etc. (Allen), the primordial germ celfhas 
been traced from a position among the entoderm cells lining the gut of the young embrvo 
through a migration into the differentiating gonad, ovary or testis. Swift * has traced 
the primordial germ cells in the chick from a crescentic area in the entoderm in front of 
the head end of the primitive streak, thr ough their migration to the gonad by way of 

^ Swift, 1914. ^ 



Fic. 428 — Successive Stages jw Human Spermatogenesis. 

From Evans and Swezy, The Chramasotnes in J/an, jVA- ani Somatic, Memoirs of the 
University of California, 1929. 9 t. 

I Spermatogonial plate ivith 48 chromosomes, including a small y-chromosome. 
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the developing blood vessels. The earlier anatomists, on the other hand, derived the 
primordial germ cells from the mesothelial covering (germinal epithelium) of the germ 
gland region of the primitive kidneys, the roesonephroi. This mode of origin, cither 
exclusively or in part, is still supported by certain investigators. 

Whatever the actual source of origin — ^whether entodermal or mesodermal, whether 
specific or general— and whenever the time of differentiation, whether early or relatively 
late, the primordial germ cells in the gonad undergo extensile proliferation, increasing 
greatly in numbers. The earlier generations may be inclusively designated primary 
spermatogonia and oogonia respectively, *the final generation taking the term secondary 
gonia. The question of the origin of the primordial germ cells bears upon the hypothesis 
of the continuity of germ plasm. 

Spermatogenesis. — Since gamete formation is easier to follow in the male, though 
apparently a more highly specialized process, it seems of advantage first to describe 
spermatogenesis. The description may begin with the last generation of spermatogonia, 
the so-called secondary spermatogonia. Tliese cells contain 48 chromosomes, the diploid 
number (Fig. 428, i). The chromosome complex includes a pair of sex chromosomes 
(heterochromosomes; allosomes). This pair consists of a larger x-chromosome and a 
smaller y-chromosome. The other 46 chromosomes are designated euchromosomes or 
autosomes. During the resting stage following the final spermatogonial mitosis, the 
daughter cells, now known as pnniary spcnnolocylcs, undergo a slight amount of grmvth 
(2*4). The nucleus stains only slightly; the chromatin becomes arranged in the form 
of a delicate' spirem (leptonema. 4); the nucleolus is conspicuous as a relatively large, 
deeply staining spheroidal body. The unequal heteroebromosomes have fused into a 
single, conspicuous, generally btlobed, bivalent sex chromosomes (accessory chromo- 
some) The primary spermatocyte daring these early growth stages is designated the 
auxocyte. 

The leplotene spirem stage (4) is followed by a double spirem (djplotene) condition 


2. Primary spermatocyte at beginhing of maturation process The resting nucleus of the 
intcrkinetic stage following the last spermatogonial division is in the protobroch phase, SC, sex 
chromosome (heterochromosome) The lighter spheroidal body is the nucleolus. 

3 Deutobroch nucleus of primary spermatocyte The chromatin network is in process of 
transformation into the leptotene spirem. 

4 Leptonema, with complete spirem 

5 Synaptonema. The filamentous chromosomes are arranged in 24 pairs. 

6 Later stage of synapsis Both heterochromosome and nucleolus are conspicuous 
7. Late stage m transition from synapsis to s>'nizesis 

S Synizesis stage of primary spermatocj'te 

p. Pachynema, at the beginning of the unraveling of the chromosomes from synizesis. 

10 Diffuse stage of first maturation division 

// Later diffuse stage. Hctcrochromosome near center, its unequal components (X and F) 
joined with slender thread. 

Late diakinesis, showing 24 pairs of compact chromosomes (tetrads) including the sex 
chromosome (X'-F). 

/i Early prophase of — •• * 

14. Later prophase of 
TS Late prophase of f 

16. Beginning of metapliase of dividing primary spermatocyte. 
chrornoro'*^r^ sP^t’^’a^ocyie at early meUphase; the spindle holds 24 tetrad (bivalent) 

18. Primary spermatocyte , the melaphase sjandle htrfds 24 tetrads, 
ip. Primary spermatocyte at anaphase. 

(dradsK T'’' Wda 24 u..,vaie„t cl.ro.„oa„mes 
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(Inn'nir wIiicIj trnn«vcr«ic scKmcnlalfon occurs rcMtUmi: in tlie rcducli'on of tlic number 
of clirotno^onics from 48 lo 2^. tlie haftoid titimfrcr. 71ic scpmcntatfon products consist of 
24 paired or Idvatcnt cliromosrimes. 'Hiis condition of die imcJcus m designated the syrap- 
tnnema. Tlie mcmlwrs of cacli pair of chroniosomes are asMimed to l>c homologous and 
to represent a cnntrllmtion from the male and female parent, res{»cctivcly. The side by 
side tim'on of the chromosomes during; synapsis U callcil parasynapsis. In some Imvcr 
fonns the synaptic tmlon is end'to*end, desipnnterl lelosynapsts. During later phases of 
synapsis the chromosomes Income more compact and stain more Intensely (6); they 
become looped, their ends attaching thciiisclvcs'to the nuclear membrane In the region 



Fic 429— Full Grown IIosian Pbiuarv Oocste. 

Fresh specimen examined in liquor folliculi Nucleolus, nucleus, vitellus, egg-membran^ 
penvitelline space and envclopins corona radiata appear in the order named from center 
periphery. (\Valdeyer.) 


of the idiosome (7). The final stage of this process of polarization, during ivhi^ the 
polar mass of looped bivalent chromosomes contracts, is known as synizcsis (8). 
quently, during postsynapsis the chromosomes unravel, and pass first through a 
pachytene stage when the chromosomes stain deeply (9), and then through a m ^ 
stage (to, n), into the prophase stages witli typical tetrads (12-16). Meanwhile 
x-y pair of chromosomes has remained conspicuous. These primary sperraatocy^s pas 
through typical mitotic stages (16-19), the tetrads dividing into dyads, and the bivaien 
heterochromosome separating into its x and y sex chromosomes. The resulting daiig 
cells, the secondary spcnnatocytes, contain each 23 dyads, half with an additiona x 
chromosome, the other half with an additional y-chromosome. 

The ensuing division of these secondary spcrmatocjles produces spennaitds (r g. 
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4"^^ C) each- with 24 chromosomes, one half of the spermatids with an x-chromosome, 
the other half with a y-chromosome. Tlie spermatids metamorphose into spcruis. The 
sperms differ with respect to the sex chromosome. Those that contain the x element are 
female determining; those with the y element are male determining. At fertilization 
zygotes are produced with 48 chromosomes; hut these differ in that some have an x-y 
pair of chromosomes, some an x-x pair. The former develop into males, the latter into 
females The process of ehromosome reduction involved in tlie maturation mitoses is 
known as vidosis. The interval between the nductional or first maturation mitosis and 
the cqiiatiowl or second maturation mitosis is the interkiucsis. 



Fic. 430 — 'The Maturation or an Ovusi. 

o, fulty-groun secondary oogonium or ripe ovum, a primary oocyte in postsynaptic resting 
condition; 6, first maturation spindle at anaphase; c, first polar body formed, second maturation 
spindJe organizing, sperm entering, the egg now a secondary oocyte; d, second maturation 
spindle at anaphase, first polar body divided, male pronucleus formed from sperm head , c, second 
polar body formed, egg now an ootid or mature ovum, the chromosomes remaining in the egg 
are beginning to fuse into a pronucleus , /, female pronucleus complete, the first cleavage spindle 
organizing between the two proiiuclei ^ch pronucleus will contribute 24 chromosomes, the 
female group always including an X chromosome, the male group either an X or a Y chromo- 
some. The rygote, accordingly, contains 48 diromosomcs, including either an XX (female) or 
an XY (male) pair of sex chromosomes. 


Oogeaesis. — In contrast to the spermatozoon, which is relatively minute, highly motile, 
and carries a minimum amount of cytoplasm, the egg on the other hand grows enor- 
mously in size. In the starfish, for example, the ratio of sperm to egg is approximately 
1 1500,000. The egg is non-motde, and has a large amount of cytoplasm heavily laden 
with yolk material. This phase of the oogenesis is known as the growth period During 
the early portions of this period synapsis occurs, and subsequently chromatic material 
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(clironiitlJA) appears jn the cytoplasm, presumaMy extruded by- the nucleus, and in part 
at least clianped Into yolk. Tills generation Is the fTmnry oocyte (ri\'. 42^), the pre- 
ceding- gcncratiou being oogonial, primary' and secondary, charaeterlred hy extenshe 
proliferation. The primary oocylc divides in a manner similar to the primary spemuto- 
cyte, that }.s by heterotypic mitosis, Iml the ihtighter cells are very unctjual in sire, 
each, however, with the same inmi}>er of cliromosomes (s^). Tire .small alxirtivc cell Is 
c.allcd the fohr body, or better f>olocytO, while the large cell becomes a secondary 
oocyte. Both poiocyte ami secondary oocyte ngam dh-hle, the end-result being three 
snnilar polar bodies and one large oeffd or waiMre on»»», now ready lor {titilization. 


!}setus defrrens 


LoboU epMid/ml^IS' 



Fw. 43t.~-T»rr Testicxk with Its Sv'ttms or Efferent Passages. 
Natural »zc. (ToWt.} 


It must be recalled that the maturation process Is In essence a process of eliminating onej 
half of the original quota of chromosomes, and a quantitative reduction 0! its ongi 
amount of chromatin to one-fourth. All of the mature eggs contain an x-chromosomt 
At fertilization, by fusion of egg and spenii. the specific number of chromosomes is 
reestablished— differing in many cases in n).i)e and female of the same species— and e 
chromosomes by growth regain or even exceed tfieir original size. With this brief con- 
sideration of the function of the germ glands in general, vve may proceed to a desert^ 
tion of the structure of the male organs of reproduction and subsequently of the tenu e 
organs. 


MALE ORGANS OF REPRODUCTION 

These organs include the penis wid tlie testes, together with their accessory 
glands, and the excretory ducts which connect the testes with the urethral ranal 
The excretory ducts include the epididymis, ductus (vas) deferens, seminal Tcsicles, 
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and ejaculatory ducts -/and with their termination in the urethra there are con- 
nected the ducts of the prostate gland and the bulbo-urethral glands (of Cowper), 
whose secretion mixes with that of the testes to form the semen. The male urethra 
serves the double function of a urogenital canal. 


Internal Genital Organs 
Testis 

The testis is to be regarded as a gland with a double function ; it produces cells 
(spermatozoa), hence a cylogcnic gland; and an internal secretion, hence, in part 
an endocrine gland. In connection with the testis must be considered also its excre- 
tory duct system, and the various glands accessory to it. The relationship of these 
various structures is shown in Figure 424. 



Fio. 432 — Tmssverse Section of * SEMmirnions Tuouee of h Nmeteen-vear-olij Man. 

^550. (Braus ) 


The testis is encased in a robust fibro-elastic capsule, the tmlca albuginea the 
innermost layer of which is of looser texture and very vascular hence called the 
tamma vamilosa External to the albuginea is a double-layered sac of peritoneum 
the tmaca vagwahe, its visceral layer closely adherent to the capsule The human 
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(c^ironilOia) appears in lljc cyloplasnt, prcsutml)!^ extruded by tbc nudeus, and in part 
at least cbanpctl into yolk. Tins ^reucration U tbc primary oocyle (Fip. 429), the pre- 
cedinR' pcncration belnp ooRonlal, primary ami secondary, characterized by cticwive 
proUfcrat'ion. Titc primary oocyte divides In a m.anner simibir to the primafy spermato- 
cyte, th.it is by heterotypic mitosis, but the dauRlifcr cells arc very unequal in size, 
each, however, with the s.ame nijml>cr of dtroinosomcs (24). The small abortive cell is 
called Ihe Palar body, or better foiocyte, while the larjrc cell l>ecomcs a secondary 
oocyte. Both polocjle and sccotnitry oocyle nRain divide, the end-result l)emR diree 
similar polar bodies ami one large ooliJ or inahtre otnm, now ready for /crtii/zaiiwi. 
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Pic. 4JI,— -Tiir TrsTfCtr svirif Its Svcttais of Efferent Passaces. 
Natural s>re. (Toldt) 


It mast be recalled that the maturaiion process is in essence a process of eliminating on^ 
half of the original quoM of chromosomes, and a quantitative reduction of its ongm^ 
amount of chromatin to one-fourth. All of the nuture eggs contain an x-chroniosomt 
At fertilization, by fusion of egg antf spenii, the specific number of chromosomes « 
reestablished— differing in many cases in male and female of the same species— ^nd the 
chromosomes by growth regain or even exceed their original sire. With this brief con- 
sideration of the function of the germ glands in general, we may proceed to a descri^ 
tion of the structure of the male organs of reproduction and subsequently of the femae 
organs. 


ItfALE OEGANS OF EEPEODUOTION 

These organs include the penis and the testes, together with their accessory 
glands, and the excretory ducts ivh/ch connect the testes with the urethral canal- 
The excretory ducts include the epididymis, ductus (vas) deferens, seminal vesicles, 
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The walls of the seminiferous tubules consist of fibro-elastic tissue. They are 
lined with a several-layered epithelium, the cells representing the several stages 
of spermatogenesis. In addition to the germ or sex cells, the epitheliiji:! contains 
sustentacular cells (Sertoli cells), to which the spermatids become attached during 
process of metamorphosis into ripe siiermatozoa (spermia). It seems probable that 
the spermatids also draw nourishment from the sustentacular cells for the work 
of metamorphosis, hence they are also known as “trophoc) tes.” The sustentacular 
cell is roughly of tall columnar shape, tapering somewhat irregularly toward the 



Fic. 434. — Portion of a Transection of a Seminiferous Tubule from the Human Testis, 
Illustrating thf. Various Stages in Spermatogenesis. 

(From Polak, after Retzius.) 


distal pole. The proximal pole contains the nucleus and frequentlv flares some- 
what giving the entire cell a tall pyramidal shape. The nucleus is pale and contains 
one or several chromatic nucleoli. The spermatozoa are embedded head first, four 
to eight or more to a cell, in the protoplasm of the trophocyte. Such a composite 
group constitutes a so-callcd spcrmatoblasi of von Ebner. The sustentacular cell 
contains one or several crystalloids Tlieir origin and function is unknown. They 
were regarded by Montgomery as probably sustentacular cell determinants, having 
been traced by him from the common mother cells of both trophocyte and sperma- 
togonium into the former, the latter being said to lack these elements. However 
Winiwarter (Fig. 433) reports similar crystalloids in both trophocytes and sperma- 
togonia In the undcscended testes of crjptorchids the degenerate seminal tubules 
are lined with only one type of epithelium, the constituent cells representing 
probably the common ancestor of trophocytes and sperm cells. - ^ 
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testis measures about one and onc-lialf inches in Icnfjtb, one inch in width and 
three-fourths inch in thickness. Septa continuous with the capsule divide it into 
a number of compartments or lobules, pyramidal in sbaixt, the apices converging 
to an antcroilorsal mass of dense coniu-ctive tissue, the tucilhsltnum IcslU (cor- 
pus hujUmoriamtm) , corrcspnndinjj to a hilus. The lobules contain each several, 



Fin 433— SfftTOLi Crxt< or the Human* Tfstis. 

A. sliowinp a costalloul (of Giarcot) * ■ ' r-* » the risht 

a spermatogonium willi a crysiallohl (of • . ' ■ accessory 

rods, and lipoid granules ami droplets. C • ■ ' ssory rod, 

and at the summit two accessory rods X6oa (Winiwarter.) 


frequently two, extensively convoluted tubules, the seminiferous tubules (lubuh 
contorti). When uncoiled they measure from one to two feet. The entire testis 
contains several hundred lobules; the number h.as been variously estimated at 
from one hundred to four hundred. 

Bremer® describes the tubuli contorti of man as tubules that ma)* be single, ending . 
blindly, may branch or m.!}* anastomose. Huber and Curtis,* on the contrary, state that 
in the adult rabbit the seminiferous tubules “present no blind ends, diverticular or nodular 
enlargements/’ Their simplest form is that of an arch beginning and ending in a tubulus 
rectus. The two limbs may lie in adjacent lobules. Complex tubules are also described, 
resulting from the linkage of from three to twelve simple arched tubules. According to 
Curtis* branches and anastomoses of seminiferous tubules are infrequent in the mouse 
testis, more frequent in dog, and most frequent in rabbit. 

The testis js lodged in the scrolum. Tlie wall of the scrotum is essentially like the 
general integument, except that it may be more highly pigmented. Its subcutaneous layer, 
however, is looser m texture and contains more elastic tissue and smooth muscle. It is 
known as the dartos. It has a thermoregulatory function related to spermatogenesis 


2 Bremer, ipii. 

3 Huber and Curtis, 1913 
♦ Curtis, 1915- 

5 Moore 1924 
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Every section of a tubule of an active testis contains several, sometimes all 
the stages of spermatogenesis. Since the spermatogenetic process generally travels 
in waves, a longitudinal section is most favorable for a study of the continuous 


^^™From wall to lumen of the tubules there can be seen, at successive levels, 
spermatogonia, primary spermatoc>-tes, secondarj' spermatocj'tes (prespermatids), 
spermatids, and spermatozoa attached to the tips of the sustentacular cells. Mitoses 
can frequently be seen in spermatogonia, primary and secondary' spermatocytes. 
The primary’ spermatocytes are the largest of the germ cells; the secondary 
spermatocytes are approximately half the size and lie distal, while the spermatids 
are approximately one-fourth the size; the spermatids may be at any stage of a 
continuous process of metamorphosis involving nuclear, cytoplasmic, and general 
form changes. The spermatogonia are of rarious sizes, frequently approximating 
that of the primary spermatocytes, but always lie peripherally, on the basement 
membrane between sustentacular cells The above named marks constitute the 
grosser criteria for identifying the several generations of cells involved in sperma- 
togenesis. 

Spermatozoon.— The sperms, or spermatozoa, Tepresent metamorphosed sper- 
matids (Fig. 433). The spermatid nucleus becomes progressively more compact, 
chromatic and smaller. At the same time it moves toward one pole of the cell, 
the cytoplasm flowing backnvard, except for a thin envelope (galea capitis) which 
terminally forms a covering for the perforatorium which represents a portion 
(acrosome) of the original idiosome. The idiosome is the germ-cell representa- 
tive of the archoplasmic complex. It is enveloped by the Golgi apparatus. Concur- 
rently with the changes outlined for the nucleus the idiosome liberates a centrosome, 
and centrosome and acrosome pass to opposite poles of the nucleus. The centro- 
some divides into two moieties, a pro.ximal, which becomes attached to the^ nuclear 
membrane, and a distal, which moves peripherally at the same time sprouting a 
flagellum, the central flament. Meanwhile a peripheral portion separates from the 
more central portion of the distal centrosome and moves backivard over the 
central filament inclosing an enveloping column of cytoplasm, the middle piece, 
in which mitochondria have aggregated. In many mammals, possibly in man. the 
mitochondria fuse to form a filament, the spiral jdament, which becomes spirally 
arranged about the central filament. However, Gatenby and Beams,® m their de- 
scription of spemiogenesis in man note “the apparent absence of any form of 
spiral body in the middle-piece.” The central filament continues to grow distally 


in the formation of a mature sperm ; K. mature Sperm (after Retzius) as seen en face, a, acro- 
some; ch, chromosomes, c, centriolcs; de, distal centriole, granular derivative, and dc-, ring 
derivative, of the distal centriole ; e, “manchette,” head sheath ; /, tail or axial filament ; o, Golgi 
apparatus plus idiosome (idiosomic substance represented by stipple) ; h, sperm head (nucleus 
plus acrosome); k, neck region, mitochondria ; ms, mitochondrial spiral; «, nucleus; pc, 

proximal centriole; r, protoplasmic remnant; s, sheath of the tail filament; t*, middle piece, 
I-, principal piece, and t*, end piece of tail. (From Arey, Anal. Rec., 1930, 4/.) 


Gatenby and Beams, 1935 






A, primary spcrmatcKyte, protobroch sjagc; B, metaphaseof primary spermatoole division; 
C, spermatid immediately after the secondary spermatocyte division; D to //. earlier sta«s in 
the transfonnaiion of the spermatid into a sperm; I (en face) and / (profile view). Jate stages 


44Q 
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Every section of a tubule of an active testis contains several, sometimes all 
the stages of spermatogenesis. Since the spermatogenetic process generally travels 
in waves, a longitudinal section is most favorable for a study of the continuous 
process. 

From wall to lumen of the tubules there can be seen, at successive levels, 
spermatogonia, primary spermatocytes, secondary spermatocytes (prespermatids), 
spermatids, and spermatozoa attached to the tips of the sustentacular cells. Mitoses 
can frequently be seen in spermatogonia, primary and secondary spermatocytes. 
The primary spermatocytes are the largest of the germ cells; the secondary 
spermatocytes are approximately half the size and lie distal, while the spermatids 
are approximately one-fourth the size; the spermatids may be at any stage of a 
continuous process of metamorphosis involving nuclear, cj'toplasmic, and general 
form changes. The spermatogonia are of various sizes, frequently approximating 
that of the primary spermatocytes, but always He peripherally, on the basement 
membrane between sustentacular cells. The above named marks constitute the 
grosser criteria for identifying the several generations of cells involved in sperma- 
togenesis. 

Spermatozoon. — The sperms, or spermatozoa, represent metamorphosed sper- 
matids (Fig. 435). The spermatid nucleus becomes progressively more compact, 
chromatic and smaller. At the same tmie it moves totvarcl one pole of the cell, 
the cytoplasm flowing backward, except for a thin envelope (galea capitis) which 
terminally forms a covering for the f>erforotoriuvi which represents a portion 
(acrosome) of the original idiosome. The idiosome is the germ-cell representa- 
tive of the archoplasmic complex. It is enveloped by the Golgi apparatus. Concur- 
rently \s'ith the changes outlined for the nucleus the idiosome liberates a centrosome, 
and centrosome and acrosome pass to opposite poles of the nucleus. The centro- 
some divides into two moieties, a proximal, which becomes attached to the nuclear 
membrane, and a distal, which moves peripherally at the same time sprouting a 
flagellum, the control filaiuciit Meanwhile a peripheral portion separates from the 
more central portion of the distal centrosome and moves baeWard over the 
central filament inclosing an enveloping column of cytoplasm, the middle piece, 
m which mitochondria have aggregated. In many mammals, possibly in man, the 
mitochondria fuse to form a filament, the spiral filament, which becomes spirally 
arranged about the central filament. However, Gatenby and Beams,® in their de- 
scription of spermogenesis in man note “the apparent absence of any form of 
spiral body in the middle-piece," The central filament continues to grow distally 

m the formation of a mature sperm ; K, mature sperm (after Retzius) as seen en face a aero- 
some, ch. chromosomes; c. centnolcs; *. distal centnolc; dc\ granular derivative and dc~ nn^ 
derivaljve, of the distal centriolc; e. '‘manchette,’' head sheath; /. tail or axial filament; o Golgi 
apparatus plus idiosome (idiosomvc substance represented by stipple) ; h. sperm head’ (nucleus 
plus acrosome); k. neck region; 111, milochohdria, tns. mitochondrial spiral; « nucleus- ir 
proximal centnole, r. protoplasmic remnant, s. sheath of the tail filament; ’middle piece’ 
1-, principal piece, and end piece of tail. (Prom Arey, /inat. Rec.. 1930, 47.) ’ ’ 

< Gatenby and Beams, 1935, 
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beyond the final locus of the rliiK centrosome, and tof»cther with an envelope of 
cytoplasm constitutes the tail of the spcmiatorooii. A short terminal naked portion 
of the central fdament is known as the Icnninal ftlaincnl. During the later stages 
of metamorphosis (Eig. 435. G- 11 ) a distal jiortion of the c)lopIasm separates 
from the spermatid and eliminates the Golgi apparatus and some of the mito- 
chondria. 

Summarizing the above: The nucleus becomes the head of the spermatozoon. 
This is tipi>cd with an acrosomc, a derivative of the idiosomc, and covered by the 
galea capitis, the two comprising the |>crfora- 
torium. The other con.stitucnts of the idiosomc 
contribute the central filament. The extent be* 
tween distal and proximal centrosomes consti- 
tutes the iicrl-; the portion iKMwccn distal 
centrosomc and ring cenlrosomc the connect^ 
tug or tnidtiie piece (body), with it.s spiral 
filament derived from initocliondria. Tlic tail 
or flagellum consists of central fdament en- 
veloped by cytoplasm. In many foniis a spiral 
fin develops on the tail. Also, there is endless 
variation with reference to the shape of the 
head. But the development and morphology 
of spermatozoa of ali vertebrate forms is es- 
sentially the same. At fertilization only head 
and middle piece — nucleus and centrosomc 
and mitochondria— enter into the egg. the tail iSam 9/ 
being generally left behind. 

The,/ii/niaH spcrmalosoon has a length of. 
from fifty to sixty microns. Of the total the 
head constitutes about 5 /<, the middle piece 
about 5 ft and the end-piece about 10 ft. Seen 
en face the head has an ovoid shape ; in profile 
it appears pyriform, due to a thinning along „oi /jamfn* 

its terminal margin. Occasionally atypical 
or monstrous, double-headed, multiple-tailed, pj^ 436— Human Spermatozoon. 
and giant spermatozoa appear; but these are (After Bonnet) 

probably nonfunctional. Though flagellate, the 

spermatozoa are non-motile until they reach the .epididymis, where thej* become 
bathed m a secretion. Their motility, however, is not pronounced until they reac 
the place in the excretory passage where the secretion of the seminal vesi^ es, 
prostate and bulbo-urethral glands are present. The mixture of these secretions 
with the sperm forms the semen 

The spermatozoa can withstand considerable variations in temperature, bu 
they are very susceptible to acid solutions; they survive best in slightly alkaline 
media. Under favorable conditions spermatozoa may be kept alive for as long as 
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eight days. It is probable that they remain alive for even a longer time in the 
female genital tract; but it is uncertain whether they can maintain their functional 
virility for this length of time. The number of spermatozoa per cubic millimeter 
has been estimated at 60,876; and the total in an average ejaculation at 200,000,000 
(Lode, 1896). 



Fic. 437 - Fic. 438. 


Fic. 437 . — Spermatozoa of Various Aniaials. 

A, from the badger, B, from ihc bat. Redrawn after BaHowitz. Xizoo C, from the rat. 
Hematein and cosin Xisoo 

Fig. 438 — Spermatozoa prom the Semen* or Man. 

A, usual type, B. "giant” double spermatozoon. Hematem and eosin X1200. 

The tiibuli conlorii pass into short Uibiili recti and the latter into the rete testis 
of the mediastinum. The rete testis is the beginning of the excretory duct, and 
consists of a meshwork of irregular tubules lined with a single layered cuboid 
nonciliated epithelium. They connect with a group of greatly coiled tubules, the 
ductuH efferentes. from ten to fifteen in number, each terminally winding so as 
to assume a conical shape, hence coni rwrerdor/— which tubules emptj’ into the 
distal portion of a common duct— the ducius epididymidis. This portion of the 
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duct, togctJicr with tlie cfTcrcnt ductiiH, constitute the glokis major of the cpldtdy* 
mis (caput cpiduiyvtuIU). Consideration of tiie duct system will follow below. 

Interstitial Cells of Lcydig. — Here should i>c considered the intertubular con* 
ncctivc tissue of the testis. Fihro^claslic coniteclive tissue acts as a supporting 
stroma for the tcstiatlar jeircnclmna of llic seminiferous tubules. Throughout 
this stroma, between tlie adjacent tubules, occur })ccub’ar large polygonal cells, 
the interstitial cells of Lcyihg, either scattered or arrangetl in masses. The condi- 



Fio 439. — A Group or I.vTtRSTiTiAt Cells nwM tue Testis or a TiuRTV-roE-YEAS-OLO 
Nrena 

The outi»ncs of three adjacent scmiirifcrous tuln^cs are shown. Amone the . 

are three nuclei of ordinary conwcuve tissue. The interstitial cells arc filled itn lipoid sp 
and granules Fonnaltn fixation, iron hcnjatoxylln stain. X t^oa 

tion of the nucleus varies from pale vesicular to dense deeply chromatic. Division 
figures are exceedingly rare among them, thot^h an occasional cell may, in 3°“”^ 
testes, be seen m mitosis In older testes an occasional nucleus may be seen in " ^ 
appears to be amitotic division. A number of the cells also are hi- and mu U- 
nucleate. However, multiplication of specific interstitial cells is evidently excep 
tional. These cells arise directly through modification in shape, and growth from 
the fusifonn and irregular connective tissue cells of the stroma. Moreover, t s 
process seems to be reversible. They thus represent a transient phase in the h c 
of certain cells of the intertubular connective tissue. Their cj^oplasm contains 
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crystalloids,’ mitochondria and fatty granules. The nature of the lipoid granules 
is discussed by Whitehead,* These cells increase in number during senile atrophy 
of the testis, but later entirely disappear. They arc said to be relatively larger and 
more abundant also in the testes of tuberculous patients where there may be con- 
siderable degeneration and a general infantile condition of the seminal cpitlieliiini. 
Various functions have been ascribed to them— that is, those obviously dependent 
upon the internal secretion (androslcrone, testosterone) of the testes — prominently, 
origin and maintenance of secondary sexual characters, and basis of sexual in- 
stinct. Obviously other cells of the testis niiglit conceivably subserve these func- 



FlC 440 — INTERSTITIAI CeIXS FROM THE HUMAN TeSTIS. 

A, D, and C. froin a twcuty-fivc-jcar-old nun; A. sliows the idiosome, bacillary ccniro- 
somes, lipoid grannies and cr> stalloids ; D. with tno nuclei; C> with four nuclei (probably the 
result of amitotic division) and eight centrosomes D, from a forty-one-year-old man, showing 
large and small crystalloids Highly magnified. (Wininarter.) 

tions, namely, the sustentacular cells ami the sex cells. Observations on testes of 
mules (infertile) and cryptorchid horses, and the 6ndings of Whitehead® in a 
third abdominal testicle of a horse where only interstitial cells in great abundance 
persisted in normal condition, would seem to relegate these functions to the 
interstitial cells. 

Kingsbury's*® careful studies of the interstitial cells of the ovary of the cat (ele- 
ments presumably homologous the interstitial cells of the testis) strongly support 
the interpretation of these cells in terms of absorbers of degenerating and disintegrating 
materials In the ovary all of the earliest and many of the later primary oocytes disinte- 
grate. In the vicinity of such atretic follicles interstitial cells laden with lipoid debris 
are abundant. Their presence, howe%er, is transient, and their number reciprocal to the 
number of degenerating folhcles. This observation, reasoning by analogy, would explain 
their abundance in the testes of cryptorchid horses, mules, and in the third abdominal 
testicle; for here also degenerative processes are going on among the sex cells. Testicle.s 
of cryptorchid horses and mules are characterized by an unusual abundance of interstitial 
cells, and degen eration of sex cells. These animals experience heat, but are infertile; this 

* Winiwarter, iQis. 

® t\Tiitehca<l, 1912 

* \\Tiitehead. 1908. 

Kingsbury, 1914. 
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was true also of tlic stallion from whom two testicles had l>ccn removed and in whom 
subsequently the third nb«loiiiinal testicle was discovered The^e observations would seem 
to indicate that the sexual instinct depends upon an internal secretion on the part of the 
intCTStilial cells. The two results can’lK harmnnuetl on this basis: Tlie intemal secretion 
may actually he formed hy the cells of the seminiferous tubu!c.s; when these degenerate 
the products are removed hy the intcrslitinl cells; since even in healthy testes there Is 
some dcRcncration of sex cells, all testes contain a few interstitial cells; these arc more 
abundant at puberty: the secretory prrxhicis of dcBcneratinj: .sex cells arc included among 
tlic dchri.s removed by the interstitial cells from which lliey may Ijc passed into the 
capillaries of the testicular stroma. 

The suggestion that the interstitial cells arc in some way connected with secondaiy 
sex characters seems dtsprovcil by various castration experiments. Tor example, the 
spayed hen takes on male sccninlary sextml characters; if these were dependent exclusively 
upon the interstitial cells of the testis, they could not appear in the absence of both 
ovaries and testes. 

The experiments of Steiiiach cannot be ignored in tills comiection, Sleinadi made 
rcciproc.nl transplant.ntions of testes and ovaries in young male and female rats and in 
guinea-pigs, and claims to have succec<Ic<l in changing a polcnti.nl female, from theJ 
viewpoint of secondary sex characters (IkiiIi physical .and tempcramcnt.nl), into a male, 
and vice versa. A male is said to have developed functiomn! mammary glands, and even 
to have suckled young. Sicinach interprets his results to mean that not only do the 
secondary 8c\ characters of the irnnle and fenwle depend upon the presence of the 
“pubertal gland” (interstitial cells), but also tlic fact whether the undilTcrcntlated gonad 
shall develop into a testis or an ovary. Microscopic examination of tlie transplant sliovvcd 
that everything suffered degeneration c.xccpt the interstitial tissue, which undenvent 
extensive hyperplasia. I'or hirtlicr itifonnation on this and related subjects reference 
should be made to Allen’s Sc.v and Inlcrnat Secretions, Williams and Wilkins, 1939. 

The Duet System 

Tubuli Recti. — At the ajicx of tlic testiadar lobule the tortuous seminiferous 
tubules pass into the rcte testis of the mediastinum. At this point the tubule 
becomes straight and is abruptly narrowed. Thus the short straight tubules, tubult 
recti, are formed. In the straight tubules the stratified epithelium of the tortuous 
portions is abruptly exchanged for a very low columnar or flattened type of 
epithelium with which the Sertoli cells of the tortuous tubules seem to be con- 
tinuous. The straight tubules are very short and are soon transformed into the 
irregular anastomosing canals of the rcte testis. 

Rete Testis. — ^The connective tissue of the mediastinum is permeated by a 
network of irregular channels of varying diameter which present frequent dilata- 
tions and often have, the appearance of broad cleft-like spaces. These are the 
canals of the rete testis which form a dense network of anastomosing channels. 
On the one hand they receive the straight tubules, and on the other they pass into 
the ductuli efferentes, which convey the secretion onward to the globus major 
(caput) of the epididymis. 

The canals of the rete testis are lined with cuboidal or flattened epithelium, 
which rests upon a delicate basement membrane. This in turn is supported by 
the connective tissue of the mediastinum The broad but irregular lumen of the 


“ Stcinach, 1913 
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is occupied hy the secretion from the seminiferous tubules and contains 
many spermatozoa. 

Ductuli Efferentes.— As the tuhutes of the rete testis leave the mediastinum 
they are abruptly transformed into peculiar efferent ducts, lo to 15 in number, 



Fic 441 — Section of Rete Rfgion of Human Testis. 


In the lower left-hand corner appears a tubnlus contortus; above this are three tubuls leeti 
(X). X92. 


which pass into the globus major of the epididymis and by means of spiral wind- 
ings form conical masses, coni vasculosi, whose apex projects into the globus 
major. The epithelium of these tubules is peculiar in that it contains ttvo varieties 
of cells, and in that it is thrown into many prominent longitudinal folds or riifae. 

In the lining epithelium there arc short columnar cells which rest upon the 
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Ijasonient membrane ami carry ui>on their free ends a tufl of short cilia. These 
cells have an ovoid nucleus and a very finely granular, eosinophil cjtoplasm. 
Between and amonp the ciliated cells arc many broad columnar or jiolyhedra} cells, 
haviujj rcmarkaldy clear cytoplasm, which chiefly occur ktween and at the base 
of the rugae, ami arc frequently arranged in small groups simulating minute 
secreting glands. These clc.ar cells have spheroidal nuclei and lljcir cjloplasm is 
filled with large coarse granules. They arc quite characteristic of this portion 
of the excretory’ tnbulcs of i)ic testis. The coni rasculod form considerable por« 
tion of the globus major of the cpidldums. The epithelium rests upon a ttell* 
dcvclojKd basement membrattc, outside of 'which is a robust layer of circularly 
dis}x)scd, smooth muscle cells with inlerminglcd clastic filers. Tlje nuclei of the 
lining cells can frequently he seen in some stage of amitotic division. 

Epididymia, — ^The ductus cpididymidts forms .a long coilctl tubule ubose con* 
volutions, by their regular cylindrical form and their Ml) ciliated epithelium, are 
slnrjdy distinguished from those oi the 
ductuH cfTcrentcs, which h.avc much thin- 
ner walls. The lining epithelium of the epi- 
didymis is of the tall, ciliated, simple 
columnar tyi>e u-fth elongated ovoid nuclei, 
a finely granular cyloplasm, and a group 
of nonmotilc cili.a which often adhere to- 
gether to form a i>cculiar tuft or cluster 
(hruslj border). At the base of the ciliated 
cells is an incomplete Jay'cr of basal epi- 
thelium, whose flattened cuboidal elements 
are wedged between the bases of the tall 
columnar cells. The two-liyercd epithelium 
is thus of the pseudostratified type. The 
cells apparently multiply largely by amitosis. 

The epithelium rests upon a ccihdar basement membrane, which is supported 
by a connective tissue tunic of varying thickness. In addition to many elastic fibers, 
this coat contains a few smooth muscle cells. The coils of the epididymis are 
firmly united into a solkl mass by mc.in$ of the dense intervening connective tissue. 
They form the whole of the globus minor and a considerable portion of the globus 
major. When unraveled the duct of the epididymis measures about twenty feet 
in length. 

Ductus Deferens (Vas Deferens), — ^Tliis duct is a continuation of the epididy- 
mis, whose course now becomes relatively straight. It measures about eighteen 
inches in length. In this portion of the e.xcretory duct of the testis the lining 
epithelium soon loses its cilia, and the basal cells become more prominent. Hence 
in the greater portion of its course the ductus deferens is lined tvith tall, colum- 
nar, nonciliated epithelium, with low basal cells between tiie attached ends of 
the columnar cells. 

The epithelium rests upon a fibrocehular basement membrane, which is sup- 



Fic 44Z--A SxMU PoRTio.v or Tiir 
Wau or AX EfFERf.xT Ducretr or 
THE TtSTICtr- 

d, sl3nd5 in longitudinal section; d*, tlic 
same I'n oblique section, P, ciliated epithe- 
lium. X 140. (Kolliker ) 
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ported by a fibrous lamina propria. This, in turn, passes almost insensibly into 
the muscular coat which consists of two layers, an inner circular and an outer 
longitudinal, both of which are highly developed. In the lower portions of the 
ductus deferens, a thin internal layer of longitudinal smooth muscle fibers is also 
found. 

The fibers of the internal and middle circular layers are frequently less 
regularly arranged, in which case their oblique bundles interlace with one another 



Fic. 443— Tba.vsectjon or Dvervs Epioidvmidis of jraw. X36S 

in a most intricate manner. The very thick, smooth muscular coat and the rela- 
tively narrow lumen give this portion of the duct a firm consistence* and a cord- 
like feel. 

In its ampulla— the dilated portion near its prostatic termination — the mucous 
membrane of the ductus deferens is more loosely attached and the folds or rugae, 
which elsewhere are few in number, are here very pronounced. The lumen of the 
ampulla is broad, but elsewhere the lumen of the duct is narrow, as compared 
with its exceptionally thick muscular wall. As elsewhere in the excretory' canal 
of the testicle, the lumen of the ductus deferens contains a great many of the 
spermatozoa. 

Spermatic Cord.— The spermatic cord in its scrotal portion, in addition to the 
ductus deferens, contains a mass of connective tissue in which are embedded the 
smooth muscle fibers of the internal cremaster muscle, the spermatic artery veins 
and nerve plexus, and the vessels of the pampiniform ple.xus. Closely associated 
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with these con*5tiliients U nK(i tijc striated cretnasii-r imtsclc i)ro}H:r. The whole 
is invested by a rcnection of tlie tunica vaKinnlis. 

The ('amf'iniform plexus is a «)ii>idcraliie group of venous si^accs. usually 
completely collapsed after death, which arc charactcrired hy very thick, firm, 
fihromuscular walls. The vessels arc emf>cddcd in dense connective tissue, and the 
whole plexus in general apiK-arnncc somdwiiat I'csemble.s the erectile tissues. 



Fig. 444. — Portion or Wall of Etididvuis Showing Lini.vo of Tall Columnar CiiiATtD 
Epithelium. X700. 

Seminal Vesicles. — TIic walls of the seminal \'esicles consist of a thin outer- 
most coat of connective tissue m which arc many small ganglia, a muscular coat 
similar to that of the ductus deferens but much thinner, and a characteristic 
mucosa. The lamina propria of the mucous membrane is a thin la>'er of delicate 
cellular connective tissue which loosely attaches the lining epithelium to the 
muscular coat. The surface of the mucosa presents numerous folds which not 
only form longitudinal rugae but also possess an intricate network of secondary 
ridges which are both longitudinal and transverse in direction. This peculiar 
arrangement results in the appearance of diverticula of various forms and sizes 
which, except that their epithelium does not differ from that of the surface, might 
often be interpreted, when seen in section, as representing secondar)’ secreting 
glands within the mucosa Slender processes of the corium extend into all the 
folds of the mucous membrane. 

The lining epithelium of the seminal vesicles is of the columnar type and 
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usually contains but a single lajer ot ceUs. Occasionally basal cells are also found 
in the deeper part of the epithelial layer; in such case the epithelium may be said 
to be ot the pseudostratified type. This variation may possibly be partly dependent 
upon the distention or relaxation ot the vesicles. The cells ot the epithelium con- 
tain peculiar granules ot yellowish pigment which are present in considerable 
numbers and are quite characteristic ot the organ The superficial cells appear to 



be readily desquamated, and together with coarse granules of secretion form the 
chief contents of the lumen. Occasional small concretions of irregular form, and 
homogeneous or lamellar structure, similar to those of the prostate gland, are also 
found The seminal vesicles xisually contain but few spennatozoa. Occasionally 
these are present in large numbers; at other times they may be entirely absent. 
The chief function of the seminal vesicles is now thought to be secretory. Seminal 
vesicles varj- greatly in size and form in different species. They are very large in 
the hedgehog. They are absent in the carnivora and the marsupalia. 

Ejaculatory Ducts. — These ducts are formed by the union of the ampulla 
of a ductus deferens and the duct of a seminal vesicle and are similar in structure 
to the ampullae of which they are the continuation. The ejaculatory ducts, bow- 
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with thc5c constituents is also the Mriatwl crcfnnitcr imisclc proper. Tiic whole 
is invested Ijy a reflection of the ttinica vaRlnalis. 

The /'omf'tmform f'fc.rtis >s .1 omsWeraWe K*’‘^up of venous s^jaces, usually 
completely collapsftl after <k'ath, which arc cliaraclcrized ?)y very ihlck, firm, 
nhroiniiscular walls. The vc.s.sels arc cml^aWcxJ In dense cnnnectfvc tissue, and the 
whole plexus In general api>eanmcc sonwiwhat I’cscmWcs the erectile tissues, 
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Seminal Vesicles. — The walls of the seminal vcskles consist of a thin outer- 
most coat of connective tsssiic in whicfi arc many small ganglia, a muscular ««t 
similar to that of the ductus deferens but much thinner, and a characteristic 
mucosa. The lamina propria of the nnicons membrane is a thin layer of dehc^e 
cellular connective tissue which loosely attaches the lining epithelium to t c 
muscular coat. The stirface of the mucosa presents numerous folds which not 
only form longitudinal rugae but also possess an intricate network of secoodar)’ 
ridges which are both longitudinal and transv'crse in direction. This peculiar 
arrangement results in the appearance of diverticula of various forms and sizes 
which, except that their epithelium does not differ from that of the surface, might 
often be interpreted, when seen in section, as representing secondary secreting 
glands within the mucosa. Slender processes of the corium extend into all the 
folds of the mucous membrane 

The lining epithelium of the semiaai vesicles is of the columnar type an 




Fig. 448— Adjacent Au-eoli of Human Prostate Gland Showing Lining of Tall 
Columnar Epitbelium X500 (Hardesty.) 
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ever, possess a tliiniicr wall and lljcir mucosa presents ttic same folded condition 
as in the seminal vesicles, hut to a lesser dCRtcc. In its juostalic jw)rtion the musoi- 
iaturc of the ductus deferens hlemis with the muscular stroma of the prostate, 
so that in the ejaculatory duct the smooth muscle no longer forms a distinctly 
famcllated coal. On approaching the urethra, the cpi* 
thclitnn of the ejaculatory ditcts presents a gradual 
transition to the stratifusl epithelium of the urethral 
canal, 

Assodateii Chnds 

Prostate Qland. — This U a comjxjund Whulo* 
alveolar gland consibting of from 30 to 50 lohulcs in* 
vesting the nrtihra and the cjaculatoty ducts. It pours 
Its serous secretion, wlucli lias a cliaractcristic odor, 
into the ncighljoring portion of the urethra by means 
of two large and many (15 to 30) small ducts. These 
oivn either directly into the urethral canal or indirectly 
through the utriculus prostaiiciis (sinus pocularfs). The 
sccrciing alveoli arc cnil>cddcd in a very dense fibro* 
muscular stroma which, at the surface of the organ, 
fonus an unusually thick capsule in which interlacing 
bundles ol smooth muscle arc most prominent. This 
portion of the stroma also contains intrinsic striated 
muscle fillers in linntcil numhers. Eroad bands of fvbro' 
muscular tissue pass inivard from the capsule and form 
a network of thick septa in the meshes of which arc 
the gl.indular aU*coli. These septa converge toward the 
urethra, which penetrates tlic ventral portion of the 
organ. The muscular fibers of the septa finally blend 
W’ith the sphincter fibers of the prostatic portion of this 
canal. 

The stroma consists of smooth muscle and connec- 
tive tissue; their fibers are intimately blended. The 
muscle and connective tissue constitute each about one- 
fourth of the organ. The muscle cells form either 
groups or bundles of variable size, or are frequently 
isolated within the meshes of the connective tissue. Their 
extreme abundance — in some parts exceeding the con- 
nective tissue in volume — is characteristic of the pro- 
static stroma. The connective tissue, which is sparingly 
supplied with elastic fibers, is rich in cells. Near the secreting alveoli the muscle 
fibers are absent and the cellular connective tissue becomes more prominent. 

The lining cells of the alveoli are of the tall columnar type, sometimes forming 
a single, sometimes a multiple, cell layer. They possess spherical or ovoid nuclei 
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The figure includes one 
lobule. The narrow duct 
expands and terminates in 
a large number of alvcoh 
of very varied size and 
form. X40. (Maziarski ) 
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which lie in their deepest third. Their cytoplasm is finely granular and often con- 
tains small yellowish granules. The epithelium rests upon a prominent membrana 
propria, composed of peculiar coarse collagenous fibers, B-collagenous fibers some- 
what resembling, but not identical with, reticulum. This type of fiber is present 
also throughout the stroma and distinguishable by the 
Bielschowsky technic from the usual collagenous (A-col- 
lagenous) fibers.^* 

The epithelium of the alveoli is remarkably folded 
upon itself, the narrow interval between the two layers of 
the epithelial folds being- always occupied by delicate ex- 
tensions of the connective tissue stroma. The prominence 
of the folds varies greatly in different tubules, some 
showing scarcely any such, the lumen of others being sub- 
divided by deep rugae into numerous anastomosing com- 
partments. The amount of folding also varies in different 
species, being more highly developed in some of the lower 
mammals, c.g., the dog, than in man. 

The lumen of the prostatic tubules is broad, and is 
beset with numerous alveolar dilatations and shallow diver- 
ticula It is usually broader near the blind extremity and 
diminishes somewhat in diameter toward the duct. The 
caliber of the lumen also varies greatly in different tubules 
and is possibly dependent in part upon the state of secre- 
tory activity. The contents of the lumen include the granu- 
lar albuminous secretion, desquamated epithelial cells, and, 
as age advances, many so-called prosfatic coucrctious (cor- 
pora amylacea, prostatic calculi). The concretions vary 
greatly in size (lO ft to i millimeter in diameter), and 
may be homogeneous, but more frequently present a dis- 
tinctly lamellated appearance. Proslatic concretions may 
occur at all ages but increase both in number and size in 
later life. Occasionally they attain a large size and may become encysted. 

The prostatic ducts are lined with either a single or a pseudostratified layer of 
columnar epithelium, and, except for their narrower caliber and more regular 
contour, they closely resemble the secreting tubules. As the ducts approach their 
termination their epithelium increases the number of its cell layers The larger 
ducts, just prior to their termination, are lined with transitional epithelium similar 
to that of the urethra, into which they open 

Blood and Lymph Supply— Tha prostate gland possesses a r.elr blood supply 
Its larger vessels are found in the capsule, whence they send branches into all 
•portions of the fibromuscular stroma, and form a rich capillary plexus in the con- 
nective tissue layer about the epithelium of the secreting alveoli, and a second 
plexus in the substance of the stroma itself The prostate is abundantly supplied, 
^-Ferguson, 1911 
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Tic. 449.— PoKTiON of pROSTAte Cusp or as Oij» AIak, Siiowixc tjie'Pwstatic 
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In the upper riglit-laiiJ concretion the concentric Jaroelbe are clearJy diJCtmlble. 
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layer of columnar cells Their wall is suppKed with smooth mtrscle, most of whose 
fibers have a longitudinal direction. The two ducts of Cowper’s glands open into 
the bulbous portion of the urethra. 

Associated Vestigial Structures 

The vestigial structures associated with the male reproductive system include the 
appendices of the testis and epididymis, the superior and inferior ductuH aberrantes, the 
paradidymis and the sinus pocularis. Of these it may be said in general that they are more 
or less variable willi respect to gross and microscopic structure and even with respect to 



Fic 4S3 ,— Diagrammatic Repbesektation of the Ves”gial Structures of the Internai 
Gexital SvsTEjt OF THE Male Human' Emervo. (Kojltnann.) 

presence; that they resemble histologically tlie structures with which they are homologous, 
and that they tend to become cystic. 

The appendix testis is the least variable of the vestigial associates. It is present in 
about 90 per cent of cases. It is a small spherical, frequently pedunculated, sac attached 
to the superior pole of the te.stis It is covered with tunica vaginalis and lined with simple 
columnar epithelium, sometimes ciliated, and represents the distal end of the degenerated 
fetal mullerian duct 

Tive appendix cpidtdymidis is a very similar pedunculated structure, much less fre- 
quently present. It is situated on the globus major of tbe epididymis. It is supposed to 
represent a degenerated wolfiian tubule. By some it is regarded as t!ie atrophic distal 
end of the Molffian duct 

The diicMiIi flberronfer are blind tubules, die remnants of mesoneplirtc tubules which 
failed of inclusion among the ductuH elTeremes of the globus major. The superior ductule 
opens into the epididymis below the globus major . the inferior opens at the globus minor ; 
both he between the testis and the epididymis. They are lined with a single layer of 
columnar epithelium, sometimes ciliated. The inferior ductule is the more generally pres- 
ent. and has a length of about five centimeters. 

Tlie parocfirfyjiiii (organ of Giraldes) lies within the spermatic cord behveen tlie head 
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also, with lymplialtc vessels, wlilch arc connected with tlie deep pelvic I>inph 
nodes. 

The capsule of the prostate, as also the ncJKlihoririp connective tissue, both 
in relation with tin's or^att and with the wJjacent seminal vesicles, contains many 
ncn'c trunks, chicfl}* syminthctic, and siml) jjanKlia. The htfer arc csi)cdaJI)' 
numerous. In this rctjinjj a jK'cnHar variety of sjKrcial nerve endinj; is found. It 
u-as formerly rc^,Mr(led as a itacinian corpUHcJe, hut differs somewhat from these 
Oodles. It pcrh.i[)s more nearly resembles the genital corpuscles. These bodies arc 



Tio 453.— StcTiON or a Lobuie or tmr BuLBo-u»criiitAt (Cowtfr's) Ciavd or ^ 
TrtsKE'VEAR-oEo AfAV, S«o«'i.vc DucT iAttovt) AUP TosytEs Af Vakiovs Stacis 
SrcRfTfo.v. X250 (Stievc ) 

distinctly bmcllated and {wsscss a broad axial ncn'c fiber which somewhat re- 
sembles tlut of the end-bulbs of Krause, This nerve fiber is, however, accompanieo 
by another and finer fiber which, as Timofe/cw ” has shown, breaks into a close 
network of fine fibrils surrounding the axial nerve fiber in a peculiar basket-liw 
manner 

Bulbo-urethral Glands (Cowper’s Glands). — These are tivo small tubulo- 
acinose nniriji.'secretjng^ glands which are divisible into numerous small lobulei 
The lobules are sepamted by connective tissue septa containing both smooth an 
striated muscle fibers. The latter arc continuous with the adjacent compressor 
urethrae muscle Tlie secreting acini are lined with columnar cells, some of wbic 
are finely granular and stain ivitb eosin and acid dyes, while others are apparently 
filled rvith mucous secretion and react to the specific dyes for mucin Certain other 
tubular alveoh are lined with low cuboidal or flattened epithelium. The epithelium 
rests upon a distinct cellular basement membrane. 

The interlobular and the smaller intralobular ducts are also lined by a single 
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layer o£ columnar cells Tlieir wall is supplied with smooth muscle, most ol whose 
fibers have a longitudinal direction. The two ducts ol Cowper's glands open into 
the bulbous portion of the urethra. 

Associated yestigial Structures 

The vestigial structures associated with tlie male reproductive system include the 
appendices of the testis and epididymis, the superior and inferior ductuli aberrantes, tlie 
paradidymis and the sinus pocularis Of these it may he said in general that they are more 
or less variable with respect to gross and microscopic structure and even with respect to 



Fig 453 — Diagrammatic Retrcsei^tatipm of the Vf-s-igiai. Structures of the Internal 
Genital System of the Malf Human Embryo. (Kollmann.) 

presence; that they resemble histologically the structures with which they are homologous, 
and that liiey tend to become cystic. 

The apf<endix testis is the least variable of the vestigial associates. It is present in 
about 90 per cent of cases It is a small spherical, frequently pedunculated, sac attached 
to the superior pole of the testis. It is covered with tunica vaginalis and lined with simple 
columnar epithelium, sometimes ciliated, and represents the distal end of the degenerated 
fetal mulleriaii duct. 

The appendix cpididymidts is a very similar pedunculated structure, much less fre- 
quently present It is situated on the globus major of the epjdjfl>niis It is supposed to 
represent a degenerated wolffian tubule. By s<mic it is regarded as the atrophic distal 
end of the wolffian duct. 

The diictiifi aberrantes are blind tubules, the remnants of mesonepliric tubules which 
failed of inclusion among the ductuli efferentes of the globus major. The superior ductule 
opens into the epididymis below the globus major ; the inferior opens at tlie globus minor ; 
both he between the testis and the epididymis. Tliey are lined with a single lajer of 
columnar epithelium, sometimes ciliated. 1116 inferior ductule is the more generally pres- 
ent, and has a length of about {i\e centimeters. 

The foradidymti (organ of Giraldes) lies within the spermatic cord between the head 
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of tJie epididymis .iiid llie p.impiniform plexus, /t eonilsM of a numljcr of irreg. 

iiJar br.niicJiin/: tiibtiJn, Mind at liof/i ends, and imed uiUi a siokIc la>cf of columnaT, 
ciH.Hcd cpidtenmn. Tlicsc Hibufes alto rcpfctcnt persMtinc rudimentary mesonephric 
tubules. 

TJic sinus tecuhiris (.simit prosmticiis, iiwtculifw) represents the retnnant of 

flic pro.xini.ady fused dcgcncrafcc/ femf muf/crian duct*, ft ft the homofo^e of the tugina 



Fie. 454.— -TitANstTRSE Steno.v tnitoucM Bodv or Pexis or Cnns. 

The two corpora cavernosa penis and the corpus cavernosuni urethrae, m'th their 
tunica albuginea, are sliown In die areolar coimectKc tissue of the dorsal surface are s * 
the dorsal vein, the dorsal arteries and the dorsal nerves. The cutaneous surface is not incJu 
xtos. 

in (lie female. Jt is a slialiow, blind poclket opening info ffie floor of the prostatJe portion 
of the urethra. It may he bifid distally, varies in lenglh from si.v to twelve millimeters, 
and is lined with a columnar epidielittm which may he locally ciliated. 

External Genital Obcan 

Penis, — The penis consists of three masses of erectile tissue, the two corpora 
cavernosa penis and the corpus spongiosum or corpus caventostun urelftrac, wnic 
are firmly united by dense fibrous and areobr connective tissue. The outer cutane- 
ous surface is loosely attached over the body of the organ; its structure does not 
differ materially from that of the skin of other parts. The subcutaneous tissue w 
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remarkable for the extreme looseness of its areolae and the absence of fat. In 
the glans penis the epithelial covering, which is continuous with the preputial 
epidermis, is firml)- united to the underlying erectile tissue. 

Each corpus cavernosum is invested with a thick sheath of very dense fibro- 
elastie tissue, the tunica a(6ugi'nco, divisible into an inner circular and an outer 
longitudinal layer of fibers, and imperfect between the two corpora cavernosa 
penis where it forms the pcclintfonn scpUim. From the inner surface of this 


fibrous coat connective tissue septa, the 
trabeculae, pass in all directions and form a 
reliailar framework whose fibrous bauds con- 
tain many smooth muscle fibers. In the meshes 
of this framework are characteristic broad 
venous sinuses which possess no true wall other 
than their endothelial lining. In the flaccid con- 
dition of the organ the blood sinuses are com- 
pletely collapsed, their walls are in contact, and 
iheir lumina almost obliterated, which gives 
them the appearance of mere slits in the dense 
connective tissue of the cavernous body When 
distended by injection, or, in tbe erectile con- 
dition of tile organ, b> blood, these sjiaces be- 
come widely dilated and form true blood sinuses 
of broad caliber. 

The blood supply of the erectile tissue is 
peculiar. The arteries terminate either (i) in 
capillaries, (2) by direct anastomosis with the 
venules, or (3) by opening directly into the 
venous sinuses, m which case the minute termi- 
nal arterioles have a peculiar looped appearance 
and were described by J, Muller (1835) as hcU- 
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a, lumen oi a hebclne artery; h, fi- 
brous bands of the erectile tissue ; r, c, 
lumen of a venous Wood space; m, 
operang of the helKvnc artety into the 
blood space, »is. muscular coat of the 
artery. Hemato.’cylm and cosin. X180 
(KoIIikcr.) 


ai!c anerics. The capillaries form a superficial plexus Iiencath the tunica albuginea, 
which opens into a deeper plexus of broader vessels from which the venules take 
origin Blood following this course through the capillaries and into the venules may 
not enter the venous sinuses— a direction which is assumed by the greater portion 
of the Hood m the flaccid condition of the organ. The deeper venous plexus com- 
municates freely with the venous sinuses so that the least obstruction to the usual 
venous outflow diverts the circulation through these channels. 

The helicine arteries are confined to the corpora cavernosa penis, where they 
are most abundant near the root of the organ. The arterioles from tvhich they 
are derived end by arborization in the connective tissue framework, their ter- 
minal twigs entering fibrous processes tvhich project into the venous sinuses 
These processes are fteciuently hound down by delicate fibrous bands which unite 
their extremity to the wall of the sinus and produce the characteristic looped 
condition uhen the vdlus-hke projection is distended by the injection of its 
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arteriole. When partially injcctci! the lieiicinc arteries apjKrar to end Mindly, but 
when eotnpictely distended they pour thetr contents into tljc venous sinuses. 

The venous spaces at titc i>erii>licTy of the erectile Ijody arc relatively narrow 
and the intervening tralicadac arc thick. Toward the axis of the liody the sinuses 
become hroacicr and occupy a relatively greater portion of the tissue. Here, also, 
their long axis, except in the corpus spongiosum, frequently lies in the transverse 



' ' tutcvjte Tissue or the Ptxis. 

er, pcrjphcrai nipittary plexus; ta., tunics stbufifnea; rj., renoos spaces; £, of 
smoolti musck am! sascular connectnc tissue. X30. (Kollikcr.) 

axis of the penis. Roth the arteries and the veins of the erectile tissue possess 
very thick muscular avails, and in liotli, the infima becomes lodlly thickened by 
accumulations of longitudinal muscles and clastic tissue bulging into tlie lumen. 
These ntodifications are less pronounced in tlie veins than in the. arteries. 

The tunica albuginea and trabeculae of the corpus spongiosum (corpus caver* 
nosum urethrae) are formed by less dense connective tissue than is found in the 
corpora cavernosa penis, and their venous spaces are not so broad. Tlte broa 
anterior end of the corpus spongiosum, forms almost the entire body of the gljms 
penis, being only indented beneath the corona by the conical anterior ends of t c 
corpora cavernosa penis which in this part are blended together to form a singe 
median mass. The urethral canal occupies the axis of the corpus spongiosum 
from its bulb forward to the urinary meatus at the tip of the glans penis. T|^ 
canal has already been described in tlie preceding chapter. It should be recall 
that its lining epithelium differs in the several segments, being transitional m 
its prostatic portion, and stratified columnar throughout the membranous an 
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greater length ot the spongy portions, changing to stratified squamous in the 
dilated fossa navicularis of the glans penis. 

The skin of the glans penis is peculiar in the relatively moist character of its 
epidermis and the consequent imperfect development of its superficial horny 
layer. Its dermal papillae are conspicuously developed. In the region of the corona 
the derma contains a ring of large sebaceous glands, the preputial glands, which 
open on the free epithelial surface. Their secretion forms the smegwa, a pecu- 
liarly odoriferous sebum. The so-called glands of Tyson are shallow, nonglandu- 
lar epithelial pockets opening near the^ frenulum preputii (Lewis). 

The myelinated sensory nerves (dorsal nerves of the penis; branches of the 
pudic) are abundantly supplied with special nerve end-organs. In the skin they 
form free varicose endings among the epithelial cells, and are connected with 
tactile corpuscles of Meissner in the dermal papillae. Deeper in the skin are many 
end-bulbs of Krause, while still deeper are the peculiar genital corpuscles. Naked 
fibrils pass to the mucosa of the urethra. Pacinian corpuscles also are found 
in the loose connective tissue and in the tunica albuginea of the corpora cavernosa. 
Sympathetic nerve fibers are abundantly supplied to the walls of the blood ves- 
sels and to the smooth muscle of the erectile tissue. Branches from the third 
and fourth sacral nerves also enter the penis as the nervi erigentes, supposed to 
convey the impulse to erection as vasodilator fibers. 

The lymphatics of the penis form an abundant superficial set in the sub- 
cutaneous tissue; these follow the larger blood vessels and empty into the inguinal 
lymph nodes. A less abundant deep set of lymplmtics in the erectile tissue accom- 
panies the blood vessels of these parts; it drains into the pelvic lymph nodes. 


TEWIALB ORGANS OP REPRODUCTION 

This system includes the ovaries, uterine tubes (oviducts), uterus, vagina, and 
external genitals Ail of these organs are concerned in the reproductive function, 
the ovary producing the germ cell or ovum, and the uterine tubes providing a 
suitable site for its maturation and fertilization and the uterus for the later 
development of tl\e resulting embryo. 


Internal Genital Organs 
The Ovary 

The ovary also is properly regarded as a gland with a double function, namely 
cytogemc and endocrine The specilic cells involved in the production of the 
internal secretion (exclusive of the lutein substance) are in doubt As in the 
testis, the possibilities include the germ cells, and the interstitial tissue 

demonstmled the presence of a definite ' horn, one 
(theelin, theelol. follicii m, estrin) m the liquor follicuH of the graafian follicles 
vd^i mulates the development nf the sex instinct and apparently also Ihe 

Alien and Doisy, 1923. ”” - — 
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arteriole. When iiartially injected tl>c licliciiic arteries apinrar to end blindly, but 
when completely distended they pour their contents into the venous sinuses. 

The venous spaces at the periphery of the erectile ho<ly are relatively narrow 
and the intcr\'cninK trnl)cculac arc thick. Toward the axis of the Ixxly the sinuses 
become broader and occupy a relatively greater fiortion of the tissue. Here, also, 
their long axis, except in the corpus spongiosum, frequently lies in the transverse 
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c.r., peripheral capilhiry plexus; ta. tunica albuginea; VJ., venous spaces; £, bands of 
smooth muscle and vascular connecthc tissue. X30. (Kolliker.) 

axis of the penis, lloth the arteries and the veins of the erectile tissue possess 
very thick muscular walls, and in holli, the intima becomes locally thickened by 
accumulations of longitudinal muscles and elastic tissue bulging into the lumen. 
These modifications are less pronounced in the veins than in the. arteries. 

The tunica albuginea and trabcailae of the corpus spongiosum (corpus caver- 
nosum urethrae) are formed by less dense connective tissue than is found in the 
corpora cavernosa penis, and their venous spaces are not so broad. The broa 
anterior end of the corpus spongiosum forms almost the entire body of the glans 
penis, being only indented beneath the corona by the conical anterior ends of the 
corpora cavernosa penis which in this part are blended together to form a sing e 
median mass. The urethral canal occupies the axis of the corpus spongiosum 
from its bulb forward to the urinary meatus at the tip of the glans penis This 
canal has already been described in the preceding chapter. It should be recalle 
that its lining epithelium differs in the several segments, being transitional m 
its prostatic portion, and stratified columnar throughout the membranous an 
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portions of the medulla and is in turn clothed by a layer of gcnutml ef'ilhelhnn, 
a continuation of the peritoneal epithelium. The cells of the peritoneum in this 
area are peculiar in that they possess a tj-pically aiboidal shape, and are thus 
sharply distinguished from tiie flattened mesothelial cells of the surrounding por- 
tions of the pentoneutn. 

Medulla. — ^The medulla of the ovary consists of a fibromuscular stroma and 
large numbers of blood vessels. Us arteries are characterized by their spirally 
tortuous course and thick muscular walls; its veins are numerous and large, and 
their endothelium rests almost directly upon the fibromuscular stroma. This por- 
tion of the ovarian stroma consists of fibrous connective tissue in which are elastic 
fibers and considerable numbers of smootli muscle cells. The connective tissue is 
richl)' supplied with cellular elements, most of which are ovoid or fusiform in 
shape. 

Cortex. — ^The cortex of the ON'aiy’ likewise contains a vascular stroma and 
also large numbers of ova which are in all stages of development, from the genetic 
cells of the germinal epithelium up to the more mature germ cells, contained 
within epithelial sacs and known as c>faria»i follicles. During the menstrual epoch 
the ovaries also contain peculiar \ellowish bodies, corf'ora lutca, resulting from 
the rupture of the largest follicles, a phenomenon which marks the climax of the 
process of ovulation. 

The stroma of the ovarian cortex is a connective tissue structure which con- 
tains relatively few elastic fibers and. except near the medulla, very little if any 
smooth muscle. It is. however, abundantly supplied wltli connective tissue cells 
of large size, most of which are ovoid, fusiform, or even considerablv elongated 
in shape. Many of these cells closely simulate smooth muscle on superficial 
examination, but are readily distinguished by careful study, especially if speci- 
mens are prepared b) the various differential staining metliods. 

In the vicinity of the follicles the stroma is specially rich in cellular elements 
and IS otherwise modified to form a concentric coat for each of these bodies. 
This coat, the theca folhculi. consists of (a) an outer laver, or tumco rxlenia, 
composed chiefly of connective tissue whose intetlacmg bundles are concentricallv 
disposed, {b) an inner layer, tunica ifitcnia. which is peculiarly rich in large 
ovoid cells, and (c) an innermost lucmbraiw /to/tio, upon which the epithelial 
cells of the follicle directly rest. 

At the surface of the ovary the cortical stroma forms a dense layer of fine 
connective tissue fibers whose delicate bundles interlace m a close-meshed net- 
work. This layer, which immediately underlies the germinal epithelium at the sur- 
face of the ovarian cortex, is knowm as the tumca albuginea. It differs greatlv in 
thickness in different mammalian species, in different indiriduals of the same 
species, and even in different portions of the same ovary. Its deeper surface 
blends insensibly with the underlying stroma of the cortex. 

The general appearance of the ovary varies according to the number, size, 
and stage of development of its ova and their follicles. At birth the cortex is 
packed with large numbers of newly formed o\'a. all of which are in approxi- 
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secondary sex cliaracters. Four to six tnjcctiot» «( the \\i\uor from hog ovaries 
into immature female rats (tiormal or s{mr(!) |)ro<!uccd'' in from 2 to 3 da^s 
typical csirual plienomcna and mating desire as early as from 20 to 50 days before 
normal puberty. 

The ovary, moreover, periodically elalmmics secondary internal secretions. The 
organ involved is a transitory structure, the corpus /ff/rn»i of pregnancy. This will 
be dcscrik'd below. Its functions ^lertam to an inhibition of ovulation during preg- 
nancy and the prejjaration of the uicriiic mucosa for projx-r implantation and 



Fig. 457.— Sfctios of Ovarv or Apult Cat, throwii Hitus, Snowisc Fur Vesicuias 
(Graafian) Folliclfs, with the Cumulus OomoROS and tmf. Isclosed Ovum. 

The antrum folliculi is filled with a granular material, a coajjulinn of the liquor folH^‘ 
Note that the ovarian follicles arc m the cortical portion, the medulla containing no follicles, a?- 

normal development of the fertilized ovum. Tlie hormone involved in these reac- 
tions has been named bifcosfcroHC. corporin, progesterone and progestin; »t ts 
efTective only after action of the primary ovarian hormone theelin (Allen). An 
additional secondary hormone, rdaxiii, lias been demonstrated in guinea-pigs by 
Ilisaw (1929) It cfTects a marked relaxation of the pelvic ligaments and also 
acts only in succession with theelin {e.stroiic). As shown by e-xtirpation experi- 
ments the internal secretions of both ov^iry and testis influence also the nervous 
system, and seem essential for normal nerv’Ous function. 

The ovary is a solid ovoid body, about one and one-half inches long, three- 
quarters of an inch ivide and one-half inch thick. It is attached to the margin 
of the broad ligament posteriorly by a short, thick connective tissue pedicle, tlie 
mesovarhun, which transmits the blood vessels with which the ovary is richly 
supplied. At Its ovarian attachment the mesovarium becomes continuous with the 
connective tissue stroma of the ovary. The indentation ivhich is thus produced ts 
known as the bt'ftfs 

The substance of the ovary is divisible into a central medulla which reaches 
the surface only at the hdus. and a peripheral cortex which invests all other 
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nd the fragments may be transported to the peripheral portions of the cytoplasm, 
,r may be irregularly scattered as small round chromatic granules, which occur 
hroughout the cytoplasm. The physiological interpretation of these bodies is 
incertain. 

The nucleus of the ovum is a large spheroidal vesicle, the volume 
md distribution of whose chromatin is subject to great variation. Chromatin is 
[iresent in greatest amount during the period of most active cell growth, in which 
the cytoplasm of the ovum is enormously increased in volume. At this time the 



Fig 458— Primary Oocyte of Ovarian Follicle of Doc, Showing Enveloping Vitellinf 
Membrane, Zona Pellucida (Oolemma) and Cells of Corona Raduta. (Bonnet ) 


nucleus often appears as a solid mass of chromatin. Later the chromatin is 
diminished in volume ; portions of its substance being possibly extruded into the 
surrounding cytoplasm; the nucleus then acquires a characteristic vesicular ap- 
pearance. 

The nuclear membrane is sharply defined and is at most times prominent. 
The nuclear matrix or nuclear sap abounds in the vesicular type of nucleus and 
the chromatin is scattered in small particles which adhere to the inner surface of 
the nuclear wall or to the delicate achromatic linin threads. 

Each ovum as a rule contains a single nucleus (germinal vesicle), though 
occasionally two nuclei occur The latter condition is presumed to arise either 
by the fusion of two ova within a single follicle or from incomplete cell division 
during development. 

Each nucleus, during its vesicular stage, usually contains a single nucleolus, 
which forms a spherical mass of chromatin, situated, like the nucleus itself, eccen- 
trically rather than centrally The staining properties of the nucleoli vary remark- 
ably. Usually they take the basic (nuclear) dyes to a greater or less depth; 
occasionally they exhibit an affinity for the acid (cytoplasmic) dyes; still other 
nucleoli take a metachromatic or irregular tint vrith the ordinary nuclear stains. 
Man\ nuclei lack a nucleolus. 
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matcly the same stage of tlcvclopmenl. Their num 1 )cr has l»cen estimated at be- 
tween 30,000 and 70,000. Few, if any, new ova arc formed after birth. Since 
in the normal sexual cycle from pnlicrty to the menopause (from alwiit the thir- 
teenth to the forty-fifth year), a ficriod of aliout 32 years, only about 400 eggs 
arc liberated, the ^’ast majority of potential ova must degenerate. This process 
of degeneration is especially active after tlic climacteric. 

During childhood the formation of larger follicles goes fot^vard at an unequal 
rate, some ova rapidly approaching niaturily, others apparently remaining almost 
stationary, and still others undergoing retrograde development, so tliat at the age 
of puberty the ovary contains germ cells and follicles in all stages of (le\'c!op- 
ment. After puberty the rijx: follicles sticccsstvcly riijiturc and result in the forma- 
tion of many corpora lutca which promptly degenerate, and arc finally replaced 
hy dense connective tissue in the fomi of Mmll sear-like masses known as the 
corf>ora olbicautia. lienee throughout the mcnstnial epoch the ovarian corte.x con- 
tains many corpora lutca and corjiora albicantia in aiklition to ova and follicles in 
various earlier stages of development. After the climacteric the remaining follicles 
degenerate and the process of ovulation gradually ceases. 

We shall now discuss the .structure of the ovum or female germ cell and shall 
then successively trace its development and maturation, the formation of its vesic- 
ular (graafian) follicle, the rupture of the follicle, and the subsequent liistory 
of the corpus lulcum. 

The Ovum. — The ovum is a spherical cell of large siee (200 to 300 //). When 
fully devclojicd it is surrounded hy a thick layer of cxoplasm, the soua pclhicida, 
which is probably derived from the cytoplasm of the follicular epithelium bj’ 
which the ovum is closely invested. The ovum itself consists of a mass of cyto- 
plasm, the vilcllus, and a large vesicitbar nucleus or germinal vesicle, within which 
IS frequently a single prominent nucleolus or germinal spot. The cytoplasm of the 
mature ovum is inclosed by a very delicate cell membrane, known as the vilellme 
membrane, which is not demonstrable in the primitive o^'a of the younger follicles. 

Cytoplasm.^Thc cytoplasm of the o\'um at first appears finely reticular, but 
as its development advances a fatty material is deposited within its meshes, usu- 
ally in the form of minute irregular spheroids, by the accumulation of which the 
reticular cytoplasm is in great part replaced by a graiiulofatty mass of faint 
yellowish color known as deutoplasm. Frequently this metamorphosis is not qiute 
complete, a remnant of the original cytoplasm persisting beneath the vitelline 
membrane and in the vicinity of the nucleus. 

Numerous cytoplasmic structures have been described in .these cells, chie 
among which are the accessory nucleus and the yolk nucleus. The accessory 
nuclei, occasionally chromatinic and therefore basophil, more frequently stain wth 
cytoplasmic dyes and are at times attached, at other times separate from the true 
nucleus. They are more probably remnants of mitotic spindles. The yolk nuclei 0 
mammalian ova most frequently take the form of crescentic masses of lightly 
staining chromatin (chromidia) which partially surround the nucleus, forming a 
so-called nuclear cap. They are often found in various stages of disintegration, 
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and the fragments may be transported to the peripheral portions of the cytoplasm, 
or may he irregularly scattered as small round chromatic granules, rvh.ch occur 
throughout the cytoplasm. The physiological interpretation of these hodtes <s 

uncertain. , . , , • , xi t 

K>/r}^!fs—yhe nucleus oi the ovum is a Urge spheroidal vesicle, the volume 
and distribution of whose chromatin is subject to great variation. Chromatin is 
present in greatest amount during the period of most active cell growth, m which 
the cytoplasm of the ovum is enormously increased in volume. At this time tlie 



K;c 458.— P«rsfAftv Oocyte op Ox’Arian Koi4.tCLE of Doc, Showing Enn’elopinc Viteuisf 
Membrane, 2 ona Peilucida (OobEmma) and Ceus of Corona Kadiata. (Bonnet ) 


nucleus often appears as a solid mass of chromatin. Later the chromatin is 
diminished in volume , portions of its substance being possibly extruded into the 
surrounding cytoplasm; the nucleus then acquires a characteristic vesicular ap- 
pearance. 

The nuclear membrane is sharply defined and is at most times prominent. 
The nuclear matrix or nuclear sap aliounds in the >’eslcular type of nucleus and 
the chromatin is scattered in small particles which adhere to the inner surface of 
the nuclear \vall or to the delicate achromatic Knin threads. 

Hath ovum as a nile contains a single nucleus (germinal ve.^icle), though 
occasionally tsso nuclei occur. The latter condition is presumed to arise either 
by the fusion of two ova within a single follicle or from incomplete cell division 
during development. 

Each nucleus, during its vesicular stage, usually contains a single ti»^Uah/s, 
uhich forms a spherical mass of chromatin, situated, like the nucleus itself, eccen- 
trically rather than centrally. The staining properties of the nucleoli vary remark- 
ably. Usually they take the basic (nudear) dyes to a greater or less depth; 
occasionally they exhibit an affinity for the acid (cj'toplasmic) dyes; still other 
nucleoli take a metachromatic or irtegukir tint with the ordinary nuclear stains, 
ifany nuclei lack a nucleolus. 
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TJIE KEPJiODUCTJVE SYSTEM 

In the development of the ovmn from the Kcnninal cpillicHum, whose cells 
from their liomology w-ilh the sjicrmatoKoina have Ix-cn termed oogonia, there 
occur several mitoses which resutl in so-callc<l primary oocytes; these later develop 
into the mature ovum. At aliout the lime of its extrusion from the riix; follicle 
a final scries of mitoses occur, which distinguish the maturation of the owira. 
In this process there is a scries of two mitoses which result in the appearance 
of the polar liodics ami jirmluce a retUietion in the nuniher of chromosomes to 
one-half the numlicr which is cliaractcristic of the somatic cells, liy the first 



Fio 459— From a Section of the Ovarian Cortex of a Kewborn* Kittek. 

K, Pflugcr’s tubes; Ke, germinal epitlicllum; wi, mitosis; Str, ov’srian stroma; Ub, prinulive 
follicles. Moderately magnified. (Kolliker.) 


mitosis the cell produces what may he termed a daughter ovum {secondary oocyte) 
together with tlie first polar body, a minute cell of insignificant size. A secon 
mitosis ensues giving origin to the mature ovitm or ootid and the second po af 
body. The egg now contains only onc-IiaU the specific number of chromosomes 
The full specific number is restored at fertilization by the addition of the m e 
reduced complement carried by the sperm. _ , . 

Development of the Ovarian Follicle. — The development of the ovarian 0 
licle goes liand in hand with tliat of the ovum and can be readily followe m 
ovaries from individuals of different ages, children and adults, the npe to t ^ 
and corpora lutea appearing only after puberty. During the first five months 0^ 
fetal life the cuboidal germinative epithelium contributes cells to the core 0 1 

gonad. At sexual maturity, about the fourteenth year, the germinative epithelmm 
is a single layer of flattened cells completely investing the gonad. At frre^i 
intervals the epithelium invades the gonad in the form of folds and tubular poc 'c s, 
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simulating in tangential sections so-called Pfluger’s tubes of lower forms. The 
germ cells and those of the enveloping follicle throughout the fertile life of the 
human female derive only from the parenchymatous (somatic) part of the gonad, 
m contrast with conditions as reported in rodents, the cat and the dog, where there 
is apparently a continuous delivery of cells from the germinativc epithelium to 
augment the resident germ cells, interstitial cells and follicle cells. 



Fic 460 — ^Three Stages in the Dn'ttopMENT of the Graafian Follicle. 

A, primary foUide with single Uy«t ol enveloping cells, B, priniary follicle with multiple 
layers of cells, and beginning of vacuolization; C, vesicular foIUde, with later stage m formation 
of antrum foUicuU bounded by inner corona radiata and peripheral membrana granulosa. 
(Hardesty ) 

Stmkinsi recognized two kinds of follicles in the human ovary at birth : pri* 
tnordial and primary. Primordial follicles liave an average diameter of 30 microns, 
arc incompletely enveloped by flat cells, number from 65 to over 143,000 and 
undergo gradual degeneration and disappear at the onset of sexual maturity. The 
primary follicles' itave an average diameter of 50 microns, are completely enveloped 
by spheric cells, occur in much smaller numbers, which remain fairly constant from 
birth to sexual maturity. New gonocjtcs do not represent stored germ cells as 
previously believed, but according to Sitnkitis are “somatic cells induced to grow 
into germ cells by the gonad-stimulating hormone of the anterior lobe of the 
luTiophysis." 

Simkins, 1932. 
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In tlic development of the ovum from the Kl’nninal epithelium, whose cells 
from their homoIoKy with the 5{)crmatoKonin have k-cn termed oogonk, there 
occur several mitoses which result in so-called {'rimary oocytes; these later develop 
into the mature ovum. At ahojtt the time of its extrusion from the n'lic follicle 
a final series of mitoses occur, which clistin;;uisli the maturation of the ovam. 
In this process there is a series of two mitoses which result in the appearance 
of the polar bodies and produce a reduction in the numher of chromosomes to 
one-half the numiKT which is characteristic of the somatic cells, liy the first 



Fic. 459— From a Skctiov of the Ovarian Cortex or a Newborn Kitten. 

K, Pfluger’s lubes ; Ke, germinal epithelium ; tn, mitosis j Str, ovarian stroma ; Vb, priiiuu’® 
follicles. Moderately magnified. (Kuibker.) 

mitosis the cell produces what may be tenned a daughter ovum {secondary oocyte) 
together with the first polar body, a minute cell of insignificant size. A secon 
mitosis ensues giving origin to the mature ovum or ootid and the second po ^ 
body. The egg now contains only one-half the specific number of chromosomes 
The full specific number is restored at fcrtiliEation by the addition of the m e 
reduced complement carried by the sperm. 

Development of the Ovarian Follicle. — ^The development of the o^•arian o 
licle goes hand in hand with that of the ovum and can be readily followe m 
ovaries from individuals of different ages, children and adults, the ripe fol ^ 
and corpora lutea appearing only after puberty. During the first five months o 
fetal life the cuboidal germinative epithelium contributes cells to the core ot 
gonad. At sexual maturity, about the fourteenth year, tJie germinative epitheln^ 
is a single layer of flattened cells completely investing the gonad. At irregua 
intervals the epithelium invades the gonad in the form of folds and tubular pockets, 
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simulating in tangential sections so-called Pflugcr’s tubes ot lower iorms. The 
germ cells and those oi the enveloping {ollide throughout the fertile life of the 
human female derive only from the parenchymatous (somatic) part of the gonad, 
m contrast with conditions as reported in rodents, the cat and the dog, where there 
is apparently a continuous delivery of cells from the germinative epithelium to 
augment the resident germ cells, interstitial cells and follicle cells. 


Oocytes 



Theca folliculi 


Fig 460— Tbhee Stages in the Developuent of the Graafian Foixicle. 

/I, 9t(mary {olUcle 'Ntth single laytT of euvelovmg cetls; B, ptirciaty foUkle TOuUipk 
layers oi cells, and beginning oi vacuolizaiton; C, vesicular follicle, with later stage m formation 
oi antrum iolUculi bounded by inner corona radiaia and peripheral membrana granulosa. 
(Hardesty.) 

Simkins ” recognized two kinds of follicles in the human ovary at birth : pri- 
mordial and primary. Primordial follicles have an average diameter of 30 microns, 
are incompletely enveloped by flat cells, number from 65 to over 143.000 and 
undergo gradual degeneration and disappear at the onset ot sexual maturity. The 
primary follicles have an average diameter of 50 microns, are completely enveloped 
by spheric cells, occur in much smaller numbers, which remain fairly constant from 
birth to sexual maturity. New gonocj-tes do not repre-sent stored germ cells as 
previously believed, but according to Simkins are “somatic cells induced to grow 
into germ cells by the gonad-stimulatmg hormone of the anterior lobe of the 
h\ pophysis." 


Simkins, 1932. 
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Many follicles never iKryomI this prinury sM^c of development, liut after 
a lime umlcrKO rctro^*r.'nlc inclamorijhoslii either hy gradual atrophy or Ly a 
j^roecss, kno^vn as afnsm of llie follicle. In this process the chroniatolysis in the 
ovum am! its surrounding; follicular cells is followed hy growth and organization 
of tlic theca folHculi, the coimccttvc tissue which is thus fonned finally replacing 
the atretic follicle. 



Fig. 461. — pEnipjiERAt, Area of 0 \arv of Doc, Siiowi.vc Primarv Follicles and Ose 
Vesicular (Craafiak) Follicle. X8oa 

After remaining stationary for a long period, often for years, certain of the 
primitive follicles enter upon .a period of rapid growth. This process first affect® 
tlie ovum and results in tlie appearance of the deutoplasm, zona pellucida. an 
other accessory structures, as already described. Cell multiplication now occurs m 
the surrounding epithelial cells, so fliat, instead of the single row of epithelium 
wlych surrounds the ovum of the primitive follicle, the ripening follicle soon 
acquires a layer of follicular epithelium several cells deep. This may be desig- 
nated the mantle layer. 

• The rapid multiplication of the epithelial cells is soon followed hy active secre- 
tion, resulting in the formation of a clear fluid by which the cells are more and 
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more separated, and the cytoplasm of adjacent cells is then readily seen to be 
ftrmly joined together by numerous delicate processes which may be regarded as 
i)i/rrce/b(/ar bridges. Similar processes unite the neighboring cells to the zona 
pellucida which has already formed about the ovum. 

The accumulation of the fluid figuor foUkuli within the follicle soon appears 
to tear apart certain of the epithelial cells, and a fluid-filled space, the anfrimt 
folIicuVt, is thus formed. Such a follicle is known as a renVitlar or graafian foi- 
Vcle. Follicles intermediate between the primary follicles with a single or double 
layer of mantle cells and vesicular follicles may for convenience be called tin!rr- 
ujcdiate or growing follicles. The epithelial cells are separated by the antrum 
into two layers: the one, adherent to the membrana propria of the follicle, is 
known as the membrana gramdosa; the other, adherent to the zona pellucida of 
the ovum, is designated the dAciir prohgerus. The two layers remain in contact 
at one point, and as the liquor foUicuU increases in volume, the attached discus 
proligerus with its contained ovum comes to occupy a more and more eccentric 
position. The cells of the membrana granulosa, where the two layers are In con- 
tact, appear to pile up about the ovum in the form of a hillock, the so-called 
fmiMthtr cophorus. The latter term is now generally used exclusively in a sense to 
include and displace the term discus proligerus. 

The cells of the cumulus, which adjoin the zona pellucida. become somewhat 
elongated and in this way they form a radiate investment consisting of one or two 
rows of columnar cells which surround the zona pellucida of the ovum and are 
known as the roroiio radiafa. With the increase of the liquor folliculi the cumulus 
with Its contained ovum 5s soon separated from its attachment to the membrana 
granulosa and the development of the follicle is complete. 

During this period of rapid growth and development the follicle has increased 
in size from a diameter which scarcely exceeded that of its ovum (about 300 ft) 
to such a size that it occupies the entire breadth of the ovTirian cortex. It is now 
ready for the final steps in the maturation of its ovum and for the' rupture of 
the follicle. 


The forces which lead to the rupture of the (ollidc are not fully determined. They 
are undoubtedly multiple In addition to the gradual attenuation of the layer of cortical 
stroma \shich covers the free surface of the follicle and is known as the jh'gmo, they 
include the gradual accumulation of liquor folliculi under increasing tension, and the 
marked congestion of the ovary at the approach of the menstrual period, which is accom- 
panied by the determination of an undue proportion of blood to the theca of the ripe 
follicle (Clark) The contraction of the smooth muscle contained in the stroma of the 
deeper part of tlie cortex and adjacent portions of the medulla may be an additional 
factor. In any event, as a result of the independent or combined action of these, or other 
unknown forces, the follicle ruptures in the direction of least resistance, r*„ at the 
attenuated stigma, and the liquor folliculi gushes forth, carrying with it the detached 
ovum imested with its cumulus. The ovum is now free to enter the uterine tube and 
prepare itself for fertiliration and the deselopment of the future embryo, 

The mum finds its way from the abdominal cavity into the oviduct by aid of cur- 
rents established m the direction of the orihee by the cilia of the cells covering the 
hmhnae; perhaps assisted by a direct grasping activity on the part of the fimbriae. 
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Since spermatozoa arc free to wamler out of tlic oterlnc lu}>c into the aWomiail cavity, 
and since an CRf: may occasionally fail lo reaeft the opening of the uterine tube, the 
possibilities arc ofTcred for an aMominal prcRnancy, a result occasionally consummateil. 
Likewise an crr may fail to iKcotnc expelled from its follicle and may then become 
fertilized within the ovary; or an eirir fertilized in the alKlominal cavity may perhaps 
subsequently become implanted in an empty follicle. Development proceeding under 
.such conditions resnlt.s in an ovarian prcfTn-mcy, of vvliicli al»ut one hundred cases base 
now been reported.*" Ovarian prcRnancles cannot procccrl normally, and ntay early call 
for stirpica! Intervention. Occasioiuilly a follicle m.ay contain more than one ovum, bl- 
and tri-ovular follicles beinp; common. Such follicles apparently present the possibilities 
for ordinary twinnin;* and multiple births. Arnold records follicles in the ovary of a 
nepress also with from lour to ten oocytes, and one each with eleven and tliirteen 
oocytes. 

The followiiiK tahle is olTcrcd for the l>cncfil of the student as a resume of 
the several structural layers of the ri|)c gra.ifian follicle. The structures are enu- 
merated in order from without inward: 


{ tunica extenm 
tunica intenw 
membrana propria 

2. Memhrana frranutosa (stratum prnnulosum) 

3. Liquor folUculi— ^jcaipyinp the nntnim folliculi 

4. Discus proliperus (cumulus oophorus) 

S. Corona radmta 

6. Zona pelluctda (zona striata) 

7. Peris itelline sp.icc— possibly an artifact 

8. Vitelline membrane 

9. Viiellus (epp cytoplasm) 

10. Nucleus (perminal \csiclc) 

II. Nucleolus (perminal spot) 


Corpus Luteum. — ^The rupture of the follicle is accompanied by sudden relief 
of the intrafolhcular tension and conse<iucnt hemorrhage from the thin-walled 
capillaries of the theca folliculi. Thus the cavity of the follicle is filled with blood, 
the ruptured follicle is then known as a corpus lictnorrliagicutii. This is the first 
stage in the fonuation of the corpus luteum. , 

Promptly succeeding the formation of the corpus •hemorrhagicum, lutein cells 
appear at the periphery of the body. Tliey are large, ovoid or polyhedral cells 
having a clear finely granular cytoplasm and a peculiar yellow color due to the 
presence of a pigment known as lutciu. Moreover, the cytoplasm of the lutein cells 
becomes very rapidly infiltrated with droplets of fat, likewise deeply colored by 
the lutein pigment which is apjxirently held in solution. The origin of these cells 
IS still a matter of controversy. By certain observers .they have been thought to 
result from the growth and multiplication of those cells of the membrana granulosa 
which remain after the rupture of the follicle (Bischoff, Pfluger, Sobotta) ; by 


19 Jordan, Garrett and Norfleet, 1932. 
11 Arnold, 1912 
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others they are derived from the connective tissue cells in the tunica interna of 
the theca follicuH (Kolhker, His, Palladino). Teacher^® interprets his prepara- 
tions to “indicate quite clearly that, whatever the source of the cells may be in 
lower animals, they do not in man arise from the membrana granulosa.” Lutein 
cells may multiply by mitosis. In the pig the corpora lutea are formed chiefly 
from granulosa cells, in small part also from theca cells.^® 

The lutein cells increase rapidly both in number and in size, and gradually 
encroach upon the margin of the blood clot whose progressive absorption pre- 



Fio. 462— Section through the Peripheral Portion or a Corpus Luteum, Showing 
Lutein Cells 


a, the fibrous coat of the corpus luteum; b, lutein cells with bands of iiowly formed connective 
tissue, c, central blood clot, partially organized. Moderately magnified. (Williams.) 

cedes the advance of the lutein cells. But not only does the lutein mass grow 
centralward; it also, and especially in the event of fertilization of the discharged 
ovum with the consequently increased vascularity of the reproductive organs, 
grows at the periphery and in this way greatly increases the diameter of the 
corpus luteum. 

Alinule vascular sprouts of embry'onic connective tissue now penetrate the 
lutein mass from the adjacent stroma of the theca folliculi, and growing central- 
ward in septa-like processes, finally penetrate as far as the central blood clot 
Hence the corpus luteum at this stage presents a more or less radiate structure 
The central ends of th e embrj-onic connective tissue septa frequently unite to 

** Teacher, ipo8. 

Corner, 1919. 






4/0 


THE REPRODUCTIVE SYSTEM 


Since spermatozoa arc free to watnlcr out of tlie iiternic tulie into llie abdonilnal cavliv, 
ami since an epfj may occasumally fail to reach Hie opcniiifr of the uterine tuk, the 
possibilities arc offered for an afxtoininal prcRuancy, a result cKcasionally consunimated 
Likewise an crj; may fail to liecomc cxpcileil from its follicle and may then become 
fertilized within the ovary; nr an cku fertilized in the aMominal cavity may perhaps 
subsequently l)CComc implanted in an empty follicle. Development proceeding under 
such conditions results in an ovarian prcjniancy, of which about one hundrerJ cases have 
now been reported.** Ovarian prcRnancics cannot proccctl normally, and nwy early call 
for surgical intervention. Occasionally a follicle ni.iy contain more than one osum, bi- 
and tri-ovular follicles being common. Such follicles apparently present the possibilities 
for ordinary twinning and multiple hirihs. Arnold” records follicles In the ovary of a 
negress also with from tour to ten oocytc.s, and one each with eleven and tliirtecn 
oocytes. 

The followitig table is ofTered for the licncfit of the student as a resume of 
the several structural layers of the ri|)c cnaatlan follicle. The structures arc ciiu- 
jucrated in order from without inward: 


{ tunica exlcma 
tunica interna 
tnembrana propria 

2. Memlirana granulosa (stratum gramilosum) 

3. Liquor follicuH— occupying the antrum folHculi 

4. Discus proligerus (cumulus oophorus) 

5. Corona radiata 

6 . Zona pellucida (zona striata) 

7. Pcrivitclline space— possibly an artifact 

8. Vitelline membrane 
9, Vitcllus (egg cytoplasm) 

10. Nucleus (germinal vehicle) 
n. Nucleolus (germinal spot) 


Corpus Luteum. — The rupture of the follicle is accompanied by sudden relief 
of the intrafollicular tension and consequent hemorrhage from the thin-v\alled 
capillaries of the theca folliculi. Thus the cavity of the follicle is filled with blood, 
the ruptured follicle is then known as a corpus hcmorrhagicum. This is the first 
stage in the formation of the corpus luteum. , 

Promptly succeeding the formation of the corpus ■hcmorrhagicum, Mein cells 
appear at the periphery of the body. Tliey are large, ovoid or polyhedral cells 
having a clear finely granular cj'toplasm and a peculiar yellow color due to the 
presence of a pigment known as lutein. Moreover, tlie cytoplasm of the lutein cells 
becomes very rapidly infiltrated with droplets of fat, likewise deeply colored by 
the lutein pigment which is apparently held in solution The origin of these cel s 
is still a matter of controversy. By certain observers .they have been thought to 
result from the growth and multiplication of those cells of the membrana granulosa 
which remain after the rupture of the follicle (Bischoflf, Pfluger, Sobotta) ; b} 


I® Jordan, Garrett and Norfleet, 1932. 
ir Arnold, 1912 
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others they are derived from the connective tissue cells in the tunica interna of 
the theca folliculi (Kdlliker, His, Palladino). Teacher interprets his prepara- 
tions to “indicate quite clearly that, whatever the source of the cells may be in 
lower animals, they do not in man arise from the membrana granulosa.” Lutein 
cells may multiply by mitosis. In the pig the cotponi lufea are formed chiefly 
from granulosa cells, in small part also from theca cells.^® 

The lutein cells increase rapidly both in number and in size, and gradually 
encroach upon the margin of the blood clot whose progressive absorption pre- 




Fig 462— Section through the Peripheb.m. Portion of a Corpus Luteum, Showing 
Lutfin Cells 

a, the fibrous coat of the corpus luteum; b, lutein cells with bands of newly formed connective 
tissue, c, central blood clot, partially organized. Moderately magnified. (Williams.) 

cedes the advance of the lutein cells. But not only does the lutein mass grow 
centralward; it also, and especially in the event of fertilization of the discharged 
ovum with the consequently increased vascularity of the reproductive organs, 
grows at the periphery and in this wa>* greatly increases the diameter of the 
corpus luteum. 

Minute vascular sprouts of embrj’onic connective tissue now penetrate the 
lutein mass from the adjacent stroma of the theca folliculi, and growing central- 
ward in septa-like processes, finally penetrate as far as the central blood clot. 
Hence the corpus luteum at this stage presents a more or less radiate structure! 
The central ends of the embryonic connective tissue septa frequently unite to 

Teacher, ipoS. 

•8 Corner, 1919. 
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inclose the rcnniant of tlic central lilooi! clot, or hy furtlicr proliferation they may 
entirely replace the clot by a mass of newly formed Bclatinous connective tissue. 

The absorption of the blood clot iistially proceeds sloudy. Remnants of the 
disintcgratitig blood in the form of a central stellate mass, which often contains 
hematoidin crystals, frequently persist until the 
corpus hitcum has Ixrcomc well orgamVed with con- 
nective tissue. 

The formation of new connective tissue is fol- 
lowed by its contraction. Tfiat this process occurs 
very early iu the connective tissue first formed at 
the |)Cfiphcry of the iKxJy, may i>o.ssil)Iy !« held to 
account for tlic fatty Infiltration and final degenera- 
tion of the lutein ceJN. Jjecausc of the consequent 
interference witli tlicir ^-ascular supply. 

Fly conlinue<I development the entire mass of 
lutein cells is gradually replaced hy connective tis- 
sue, which, hy furtlicr contraction, finally produces 
a dense wlntc fibrous scar, no longer containing 
lutein pigment, known as a corf'iis all’ieans (eandi- 
rails). This iHxly persists for a long period, but 
umlcfgocs prr^rcssivc contraction until only a 
minute scar of almost microscopical sire remains to 
mark the site of tlic ruptured follicle and the 
highly developed corpus lutcum. Such scars persist 
for years in the stroma of the ovarian cortex. 

Finally it must he stated that there arc no recognizable histological differences, 
other than those of size and duration, Iictwccn the corpora lutca vera of pregnancy 
and the corpora lutca spuria whose formation accompanies the extrusion of the 
unfertilized ovum. The true corpora lutca arc of relatively large size and persist 
for many months, the spurious are somewhat smaller and persist for little more 
than one month. Both pass through the same histological process of development 
and degeneration and both leave their scars in the substances of the oran'an stroma. 

Ovarian scars also arise through atresia of the larger follicles, the degeneration 
of whose epithelium is followed by an ingrowth of tissue derived from the theca 
folliculi, and the gradual development, organization, and final contraction of' the 
connective tissue. The process forms, as it were, a minute but imperfect corpus 
albicans, in the center of which is often the shrunken degenerating remains of 
the ovum. Certain small acidophilic homogeneous bodies, the so-called Call-Exner 
bodies, of imcertain significance are also occasionally present in the membrana 
granulosa of the ovarian follicles. 

Aschoff denies the occurrence of a primary corpus hcmorrJiagicuvt. Hem- 
orrhage IS said not to appear at the time of ovulation, except occasionally and 
then only in small amounts. IWore abundant liemorrhage into the central caviy 



Fic. 4^3— PouTiov OH CoHi'us 
LurrcM or Pic. 


Gr.le, granulosa lutein cells: 
l/i e , thcc.a lulcin cells : b.v., blood 
vessel. X 1000 (Corner.) 


Aschoff, 1924- 
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oi the ioTining corpus luteum of tnenstniation {corpus folliculare mcnstriiationis'i 
occurs at the first succeeding menses. Blood from invading capillaries mingles 
U'ith the serous fluid content. The hemosiderin of the central blood clot contributes 
to the jellow color of the corpus luteiim. Aschoff recognizes four successive periods 
of the corpus folliculare vicuslruationis: the corpus folliculare menstruationis 
cfflorcsccns, the corpus folliculare menstruationis hemorrhagteum, the corpus fol- 
liculare menstruationis luteum, and the corpus folliculare menstruationis involutum 
or candicaus. 

The hilum of the postpubertal ovary contains cells, previously interpreted as para- 
ganglionar pheochrome elements, which appear more nearly homologous to the inter- 
stitial cell of Leydig of the .testis.-’ Tliese so-called Berger cells do not react positively 
to Iiistochemical tests for chromaffin granules, nor are they argyrophile. They are ovoid 
cells, varying in diameter from 7 to 20 microns. The cytoplasm is acidophilic and con- 
tains abundant lipoid granules and spherules and a variable amount of brown-yellowish 
pigment granules Amaral regards these cells as the morphological substratum of the 
secretion of the "masculinizing hormones” in women, which is in accord with modern 
opinion that the hilum of vertebrate gonads has a masculinizing role and the cortex a 
feminizing role.” 

Blood Supply. — The arterial vessels of the ovary are derived from the branches 
of the ovarian and uterine arteries. These vessels enter the ovary through the 
mesovarium and divide into numerous branches which pursue a peculiar spiral 



Fic 464— A Corpus Albicans, from a Sectio.n of the Human Ovary. 
X75. (Williams.) 


or corkscrew course through the stroma of the medulla, and finally enter the 
cortex. They possess thick muscular walls containing bundles of longitudinal 
smooth mviscle fibers. In the cortex they supply capillaries to the stroma, apd 

Berficr, 1923 
Amarai, 1938 
*’Witschi, 1929 
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in tlic tlicca folliculi of ilic Rraalian fnlliclcs they form rich plexuses of bread 
eapillaries and lliin-walled venules. As Ihe follicle approaches malurily these 
plexuses become cnonnously <levclo|ic<l and apinrcnlly liear an important rela- 
tion to the rupture of the follicle and the rapid development of the corpus luteum. 
The veins, which t.ikc oripin from the venules of the.se capillaiy plexuses, con- 
verge toward the medulla, where they fomt a plextis of large thin-walled vessels, 
the pfe.riir miojiis mvrli or famfimform flextis. This is embedded in the con- 
nective tissue of the nietlulla, the niesovariunt, and the adjacent portions of the 
lirond ligament. 

The lymphatics arise m the cortical Mroma hy anastomosing canals and capil- 
laries of Irregular cali!»cr, which arc csi>ccially ahunthnl in the walls of the graafian 
follicles. These vessels converge toward ihc incthilla, where they enter l}-mphatics 
whicit arc supplied with valves, ami find their wny to the I)Tnph nodes of the 
pelvic and lumhar regions. 

The vcrt'cs arc chiefly derived from the ovarian s>’mpathcttc plexuses. They 
enter at the hilus and arc disirilmtcd to the walls of the blood vessels, and to 
the stroma of the ovary; here they fonn a rich terminal plexus in the walls of 
the follicles. Whether or not the nalcc<! fibrils arc disirilmtcd to the epithelial ceils 
within the follicle has not Ijocn satisfactorily determined. Tire small gangVia of the 
medulla include also phcochromc cells (Winiwarter) ; and certain sensory fibers 
arc said to end in lamellar corpuscles. 

The Uleritte Tube (Oviduct, ralhpian Tube) 

The uterine tube is a narrow duct alK>ut inches long, leading from the 
ovary to the cavity of the uterus. It consists of a broad, funnel-shaped, fringed 
or fimbriated cxlrcmily (or infundibulum), a constricted neck, an intermediate 
ampulla of considerable diameter, and a slender isthmus by which the tube com- 
municates with the uterine cavity. 

Throughout the entire tube its wall, which becomes gradually thinner from 
isthmus to infundibulum, consists of three coats — mucous, muscular and serous 
— but the character of its mucous membrane differs somewhat in its .several 
portions. In the isthmus it is relatively smooth and usually presents four longi- 
tudinal ridges which have few secondary or accessory folds; in the ampulla the 
mucosa is greatly folded, the primary’ rugae possessing small secondary folds which 
extend in all directions, and by their very' complexity nearly obliterate the other- 
wise broad lumen.* In the fimbriated portion the folds of the mucosa are continued 
into the fimbriae, at the margin of which the columnar ciliated epithelium of the 
oviduct becomes directly contfimaus with tlie serous mesothelium of the peritoneum 
investing the outer surface of the tube. 

The mucosa is clothed with columnar epithelium, arranged either in a simp e 
or pseudostratified manner, the greater number of whose cells are provided vdlh 
cilia. The ciliary motion is directed toward the uterus. The epithelial layer co\ers 
all the folds of the mucosa and, extending deeply into (he crevices, forms invagi- 
nations which, in transections of the tube, simulate glandular structures. There 




Fig 465 — ^Fro>,i a Thick Sgciiok op the Ovarv of a Woman. 

The blood vessels have been injected. A. c, and o', arteries; b, corpus luteum, partially 
organized; c, point \vherc rupture of the follicle occtirred; d, tangential section of a follicle; 
e, corpora lutea which have organized and are already retrogressive, (Clark.) 
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arc, however, no true secreting glands in the oviduct. Here and tlicrc groui.s of 
nonciliated ceils with dear cytoplasm occur among tlie more miraerous ciiiatei! 
cc!h o{ the mucosa. 

The epithelium rests upon a thin homogcncovis basement membrane beneath 
which is a lamina propria consisting of a cellular type of connective tissue, ^lany 
of the connective tissue cells arc of fusiform shape, and, unless specially stained 
or carefully examined, they closely rcscmlilc smooth tnusclc cells. The mucosa, 
however, contains no imiscle except at the bases of tlic largest folds, into wliicii 
occasional fillers from the adjacent muscular coat penetrate. 



Fio 467.— From a Tran'^fction of the Ampulla of Tiir Ovioucr, Showing tue Structuju-. 

OF THL Mucosa. X280 (Wihiams ) 

The iiiJi5ciifflr tcaJ? of the ovuhtet h formed by two layers of smooth muscle 

abroad inner circular layer, and an outer longitudinal coat. The longitudinal layer 
IS very unequally developed at different portions of the circumference, but is 
relatively thin in all parts, and is entirely wanting at frequent intervals. It is 
usually broadest at the free margin of the oviduct and at us opptjsitc side where 
the tuiic is attached to the broad ligament. The inner circular fibers arc more or 
less obliquely disposed, and, toward the mucosa, the muscular bundles fu'ic jn.scn- 
sibly with the cellular connective tissue of the mucous membrane. In general the 
inner circular layer is thickest at tlic isthmus and thinnest at the infumlibulum, 
while the longitudinal layer is thickest toward the fimliriatcd end. 

The serous coat of the uterine tulic is continuous with the peritoneum. It con- 
sists of an outermost layer of mcsothcUum which rests upon a subepithelial layer 
of connective tissue, by which it is firmly united to the muscular wall. This por- 



479 


FEMALE ORGANS OF REPRODUCTION 

vessels pass to the serous coat and enter valved lymphatics by which the lymph 
is conveyed to the lymph nodes ot the lumbar region. 

The iicmer, which are chiefly sympathetic, are distributed from a ple-vus in the 
serous coat, to the muscular wall, and to the mucosa, in which they form a termi- 
nal subepithelial plexus. 

The Uterus 

The uterus is a hollow pear-sltapetl organ, divisible into a deepest or fundus 
portion, the and the rryt'i-r. It is about 3 inches in depth, in width and i 
in thickness. The cervix opens into the body through the internal os, into the 
vagina through the external os. Its wall consists of a mucous membrane, a mus- 





Fjc 469— T»?a.vs£ct;o.v TUf:ov(.ii THE Boor or the HoifAw Uterus. 
g, blood vessels, t, lumen, ll, broad ligament; Im, longitudinal muscle; i;r, circular muscle 
(the fibers arc mostly oblique); s, serous coat; tp, tnucosa. Hematoxylin and eosin. X2. 
( Sobotta ) 

cuiar coat, and an outermost serous coat which is derived from the peritoneum 
and invests the body of the organ. The cervix uteri projects into the vaginal canal 
and the serous coat is there replaced by a reflection of the vaginal mucosa. 

The scrour coa(, or /icrtiiicfrijim, of the uterus consists of mesothelium which 
rests upon a thin subepithehal layer of connective tissue. It presents no peculiarities. 
The iniwtifar coat, or inyonjc/rinwi, of the uterus consists of smooth muscle 
whose fibers are of large size (40 to 60 /t in length) and which are disposed in 

interlacing bundles. In the lower mammals these form quite regular layers an 

outer longitudinal, a thick inner layer, most of whose fibers are circular, and an 
innermost, but less distinct, submucous portion containing oblique and longitudinal 
fibers. The outer longitudinal and circular layers are separated by a fibromuscular 
stratum containing a rich plexus of large blood vessels. 
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lion of tlic serous coat contains the larger vessels and nerves, wliich arc distributed 
to the inner coats. 

Blood Supply. — The arteries of the oviduct arc derived from llic uterine and 
ovarian vessels. The larger divisions find their way through the connective tissue 
of the serosa whence they send smaller branches inward to form a plexus between 



a, mucosa; b, circular muscle; c, tongitudinal muscle; d, serous coat; c, lateral ligament; 
/, Wolffian tube; g, blood vessels X4 (Sobotta) 

the layers of the muscular wall and among the bundles of circular muscle fibers. 
From this plexus capillaries are distributed to the muscular coat, and to the 
mucous membrane in which they form a rich subepithelial capillary plexus. The 
veins follow a similar course, and like the arteries, form an extensive plexus in 
the muscular coat. The abundance of vessels in the muscular wall of the oviduct 
has led to the description of this coat as the vascular layer of the organ. 

The lyinphatics arise by anastomosing plexuses in the mucosa, from which 
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vessels pass to the serous coat and enter valved lympliatics by which the l)'raph 
is conveyed to the lymph nodes of the lumbar region. 

The ucn'cs, which are chiefly sj’mpathetic, are distributed from a plexus in the 
serous coat, to the muscular wall, and to the mucosa, in which they form a termi- 
nal subepithelial plexus. 

The Uterus 

The uterus is a hollow pear-shaped organ, divisible into a deepest or fmidus 
portion, the body, and the ccrz'i.r. It is about 3 inches in depth. in width and i 
in thickness. The cervix opens into the body through the internal os, into the 
vagina through the external os. Its wall consists of a mucous membrane, a mus- 



Fjg. 469 — Transection through the Body of the Human Uterus. 


9. blood vessels: I. lumen, //, broad ligament; /mi. longitudinal muscle; mi, circular muscle 
(the fibers are mostly oblique); x, serous coat; tp, mucosa. Hemato.xylin and eosin X 2 
(Sobotta) 

cular coat, and an outermost serous coat which is derived from the peritoneum 
and invests the body of the organ. The cervix uteri projects into the vaginal canal 
and the serous coat is there replaced by a reflection of the vaginal mucosa. 

The serous coat, or fenmetrinm, of the uterus consists of inesothelium which 
rests upon a thin subepithelial layer of connective tissue. It presents no peculiarities. 

The musetthr coal, or myometrium, of the uterus consists of smooth muscle 
whose fibers are of large size (40 to 60 ,< in length) and which are disposed in 
interlacing bundles. In the lower mammals these form quite regular layers— an 
outer longitudinal, a thick inner layer, most of whose fibers are circular, and an 
innermost, hut less distinct, submucous portion containing oblique and longitudinal 
fibers, The outer longitudinal and circular layers are separated by a fibromuscular 
stratum containing a rich plexus of large blood vessels. 
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In the human uterus the arrangement of^imisclc fibers is mucli less regular, but 
follows a similar jilan, though there is no distinct subdivision into layers. Xcverthe- 
Icss, careful e.xaniinatton reveals three indistinct strata which are intimately blended 
with one another. The outermost of these indistinct layers consists of irregularly 
disposed longitudinal fibers, the stratum su(>ravascu!arc. This layer is in most parts 
very thin, and is best developed opposite the margin of the lateral ligament and 
in the cervix uteri. Within this is a broad layer of interlacing bundles of more or 
less circular fibers, which, from the slight obliquity of their course, frequently 



Fic 470— From a Transfction of the Uteiune JIucosa. 

X16. (Williams.) 

cross each other at acute angles. Intermingled with tlicse circular bundles are many 
large blood vessels, from which both the mucous and muscular coats are supplied. 
This broad middle layer is therefore known as the stratum vasculare. The inner 
portion of this second layer passes insensibly into a thin innermost stratum sub- 
inucosinn, which again contains many' longitudinal fibers, and upon which the 
mucosa directly rests. 

The uterine mucosa, or endometrium, is of considerable thickness (l to 3 
millimeters). It is clothed with epithelium, and its lamina propria contains numer- 
ous tubular glands. 

The epithelium is of the ciliated columnar type, and consists of a single row 
of cells. Apparently not all of its cells are provided with cilia, areas of ciliated 
alternating with groups of nonciliated epithelium. The epithelial layer is continu- 
ous with the epithelium of the uterine glands; in the region of the external os 
uteri it is replaced by the stratified squamous epithelium of the vaginal mucosa. 
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Ofttimes, and especially in multiparae, the stratified squamous epithelium of the 
ragitia is continued for some little distance within the canal of the cereix uteri ; 
it never clothes more than the lower one-half to two-thirds of the cervical canal. 
The current resulting from the vibration of the intra-uterine cilia is directed toward 
the X’agina. 

The hmiita propria of the mucosa consists of a peculiar embr>-onaI type of 
connective tissue, similar to that of the uterine tubes, which contains very few 



Fic. 4TZ — Fsojf TKE Cerik UrERi or a Giul of Sixteen Ye.\rs, Suowisc the Ceritc^l 
Glands is Sectios. X102. 

collagenous and no elastic fibers, but which is richly supplied, in fact is literallv 
packed, with cellular elements. These cells are ovoid or fusiform in shape, and 
many of them are branched; their nuclei, also, are ovoid and somewhat vesicular. 
Many l\-mphoc>-tes are found in the lamina propria, but these mostly occur in the 
■vicinit}- of the Ij-mphatics and smaller blood vessels with which the uterine mucosa 
IS abundantly supplied. In the mucosa of the cer\’ix uteri the development of the 
conneaive tissue appears to be more advanced, the cellular elements bein®- rela- 
tively fewer; it also contains many fine fibers which appear to form a delicate net- 
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III the luitnnn uterus the armngement of_ muscle fibers is mudi less regular, but 
follows a similar plan, though there is no distinct sul)(Hvisinn into lasers. Neverthe- 
less. careful examination reveals three indistinct strata wliich are intimately blended 
with one another. The outermost of these indistinct layers consists of irregularly 
disixiscd longitudinal fibers, the slralum stif>ravasailarc. This layer is in most parts 
vcr>' thin, and is best developed opposite the margin of the lateral ligament and 
in the cervix uteri. Within this is a broad la^cr of interlacing bundles of more or 
less circular fibers, which, from the slight obliquity of their course, frequently 


Fic. 470.— From a Tfansectiox of the Uteri.s’e Mucosa. 
X16. (Williams.) 


cross each other at acute angles. Intermingled with these circular bundles are many 
large blood vessels, from which both the mucous and muscular coats are supplied. 
This broad middle layer is therefore known as the stratum vasculare. The inner 
portion of this second layer passes insensibly into a thin innermost stratum sub- 
mucosum, which again contains many longitudinal fibers, and upon which the 
mucosa directly rests. 

The xitcnne mucosa, or endometrium, is of considerable thickness (i to 3 
millimeters). It is clothed with epithelium, and its lamina propria contains numer- 
ous tubular glands. 

The epithelium is of the ciliated columnar type, and consists of a single row 
of cells. Apparently not all of its cells are provided with cilia, areas of ciliated 
alternating with groups of noncibated epithelium. The epithelial layer is continu- 
ous with the epithelium of the uterine glands; in the region of the external os 
uteri it is replaced by the stratified squamous epithelium of the vaginal mucosa. 
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The blood vessels of the uterus enter through the folds of the lateral ligament 
and find their way, through tlie subepithelial connective tissue of the serous coat 
and the muscular wall, to all portions of the organ. In the vascular Ia}er of the 
muscular coat they form an extensive plexus from which branches are distributed 
to the musculature and to the mucosa, the branches to the latter penetrating nearly 
to the surface, where they form rich, subepithelial, capillary and venous plexuses. 
The uterine arteries, like those of the ovar)', possess a peculiar, spirally tortuous 
course. The veins accompany the arteries, but are less tortuous. 

The lynipJiatics of the uterus arise by anastomosing channels in the mucous 
and muscular coats. They form a vascular plexus in the serous coat and lead out- 
ward, through the lateral ligaments and pelvic connective tissue, to the lower lymph 
nodes of the lumbar region. 

The nmrj of the uterus are very numerous. They include both spinal and 
sjTOpathefic fillers. They enter the serous coat from the ganglionic pelvic plexus, 
and arc distributed to the vascular layer of the muscular coat. They there form 
a rich plexus, from which sympathetic motor fibers are distributed to the muscu- 
lature and to the walls of the blood vessels. 

The detailed distribution of nerv’es within the mucosa remains uncertain. 
Von Gawronsky** and Kostlin” desenbe sensory nerve fibrils wliich penetrate 
nearly to the surface and form a scanty subepithelial plexus, whence are derived 
fibrils which terminate between the epithelial cells. 

Since the uterus is subject to extensive structural variations dependent upon 
its functional phase and condition, it becomes important to recognize the differ- 
ential marks of the incustnialiiiff and of the pregnant uterus. Besides general 
histologic alterations in the wall, especially in the mucous and muscular layers, 
additional structures involved 'm the pregnant uterus are the decidual cells and 
diorionic villi; these are diagnostic of pregnancy. Only the histology of these 
structures will be here described , for a consideration of their embryologic signifi- 
cance and relationship reference must be made to a te.Ntbook of embryology. 

The Menstruating Uterus 

The appearance of the phenomena of menstruation is accompanied by decided 
alterations in the structure of the uterine mucosa. In spite of the difficulty of 
obtaining sufficiently fresh and well preser\-ed material, certain changes which 
characterize the menstruating uterus are now definitely known. These chiefly con- 
sist in increased vascularity, hypertrophy of the elementary tissues of the mucosa, 
epithelial desquamation, and rupture of the blood vessels, with consequent hemor- 
rhages. These changes are follow’ed by a process of regression and later of regen- 
eration, by which the uterine mucosa rapidly returns to its former condition. 

The superficial layer {stratum functionalis) of the endometrium undergoes a 
definite series of changes during the menstrual c^rJe. These changes are under 
hormonal con trol. The stratum basalts of the endometrium only serves for repair 

^*Von Gawronsky, 1894 

*®KdstHn, 1894 
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work At the external os tiicri the lamina propria is continuous with the similar, 

though still more lihroiis, layer of t)ic vaginal mucosa. 

The ulerhii' glands arc divisiWe into two tvfics—tho.se of the Iwly of the organ, 
and those of its cervix. The former are. pcriiajjs, to he regarded as tubular invagi- 
nations of {\\t lining epithelium, whose function is one of epithelial regeneration 
rather than of glandular secretion. The tubules 
of the cervix uteri arc true mucus-secrctiug 
glaiuls. 

Tlic uterine glands proper, those of the 
l) 0 (ly of the organ, arc slightly branched or 
forkcrl tubules which traverse the entire 
breadth of the mucosa, presenting a character- 
istic spiral or corkscrew course; their blind 
c.xtrcmltics arc often bent or turned to one 
side, apparently from the proximity of the 
adj.'iccut muscular coat. The glandular epi- 
thelium >5 of the columnar type and. like that 
of the free surf.acc, is frequently provided 
with cilia, especially near the mouth of the 
gland. The epithelium rests directly upon the 
connective tissue of the lamina propria. 

The crndcal glands {glandulae irfmMflC 
afrt'kales) resemble those of the body of the 
organ in their tubular form and the columnar 
shape of their epithelium, but here the resem- 
blance ceases. The cervic. 1 l glands are much 
branched, and their tubules present frequent 
dilatations, some of which, apparently from 
occlusion of their outlet, attain a macroscopic 
sire, and arc then known as nabothian follicles 
(otif/o vabotlii) ; they are filled with a tena- 
cious mucous secretion. The glandular epi- 
thelium near the crypt-like ducts is usually 
ciliated, like that of the surface. In the secret- 
ing portions it consists of tall, clear, columnar cells which are in \'ariou5 stages of 
secretor)' activity, their product being a visa'd glairy mucus, strings and granules 
of which are found within the lumen of the glands, as well as within the canal of 
the cervix uteri. 

The uterine cavity is a relative term. In the virgin, the mucosa is considerably 
folded and its surfaces are almost in apposition, Iwing only separated by a verj’ 
limited amount of desquamated epithelium and cellular debris, to which, in the canal 
of the cervix uteri, the mucous secretion is added. During pregnancy, the develop- 
ment of the fetus within the uterine cavit>’ distends its walls and so dilates the 
canal that it at last forms a sac of sufficient size to contain the fetus, which floats 
wthin the amniotic fluid inclosed by its membranes 
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Fie 472. — A Gland of rut Ho.man 
Cervix Uteri in Loncjtupinal 
Section. 

X90. (Williams ) 




Fic. 475 — Vertical Section of Uterinf Mucosa at Fourteenth Day of Human 
Menstrual Cycle. 


Note the tortuous condition of the glands. X75. (Kurzrok.) 
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following the destruction of the superficial layer during the menstrual phase of the 
cycle. The cycle is (livisiblc into the meitslrml, f'roliferalive an<l secretory phases. 
The stratum func'tionalis consists of an inner denser lamina (cowpaefa) and an 
outer spongy lamina (spottgiosn). At the licginning of the vtcnslnial phase the 
hlood vessels of the mucf)sa l>ecomc greatly wjgorged and finally rnptnre with 
hemorrhage into the interstitial tissue ami siihscfiucmly into the uterine cavity. The 
entire stratum funcliotialis progressively desquamates leaving the stratum basalis 



Fic. 473 — Vebticai. Section of Uterinf. Mucosa. Showing Initial Phase of the Human 
Mfnstrual Cycle {Bfcisnisc of Bleeding). 

Note subcpUhclial licmorrlLiRC anti desquatnation. X75. (After Kurzrok, Endocrincs in 
Obstetrics oud Cynccotogy, Williams and Wilkins, Daltimore, 1937.) 

exposed by the end of the fourtli day (Fig. 473). Jn the, succeeding proliferative 
phase new epithelium arises from the glands of the basalis. In this phase the 
mucosa has a thickness of about 2 mm. as compared with the preceding phase 
when it has a thickness of only about 0.5 mm. The glands are now’ long and 
straight tubules with an increasing number of mitotic figures in the lining cells 
but w’lth no secretion (Fig, 474)- Tlie proliferative phase terminates on about the 
tenth day, the onset of ovulation, and under the influence of the follicular hormone, 
estrone. 

The secretory phase lasts from ovulation to menstruation— -abouf fourteen days. 
The glands become progressively more tortuous (Figs. 475 and 476). The cells 
become wider and taller. Glycogen appears in the cells. Meanwhile, the thin-w-all 
blood vessels and capillaries dilate. Lymphocytes appear in the stroma and the 
epithelium assumes an endothelioid character. The glands produce an abundant 
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together with the atrophied remains of the uterine glands, and a superficial compact 
layer in wiiich the vascular cliannels, except (or the thin-walled \enous spaces, are 
smaller and the connecti^e tissue cells more closely packed. 

Many of the connecti\e tissue cells attain a large size and their nuclei are frequently 
multiple, occasionally polymorphous. Giant cells are thus produced in the compact layer 
of the mucosa of the gravid uterus; they are highly characteristic of this tissue and are 
known as decidual cells. Though it is frequently assertcil that similar cells occur in the 
decidua! menstrualis, this is denied by Minot (1903), who states that in a considerable 
number of menstrual decidua examined, no such cells were ever found. 



Flo. 477,— A Group of Decidual Celis fro.m the Human Uterus ouri.vc the Early 
Stages of Pregnancy. 

One of the cells contains two nuclei and a number of fat vacuoles. Three nuclei of the con- 
nective tissue stroma are also shown. X750. 


The superficial epithelium is soon desquamated and the lamina propria comes into 
contact with the fetal chorion Tiic glandular epithelium is also partially degenerated, 
often becoming flattened and of irregular shape. It is frequently desquamated into the 
glandular lumen This lumen is thus reduced to a narrow crevice, which is so elongated 
during the dilatation of the uterine wall that the axis of the glandular remnant becomes 
nearly parallel to the surface of the decidua. 

The decidual membrane which is thus formed is divisible into three portions, accord- 
ing to its relation to the tissues of the embo'o: (i) tliat portion upon which the devel- 
oping ovum directly rests, which is known as the dccidtta scrotina or deetdua basalts but 
later forms the placenta utcruta or maternal portion of tlie placenta; (2) at the margins 
of the implanted ovum the decidual tissues close up over the ovum which is thus sur- 
rounded by the so-called decidua reflexa or decidua capstilaris, which, after the early 
months of pregnancy, is gradually obliterated by the increasing growth of the fetus and 
is finally replaced, its functions being progressively usurped by the newly formed pla- 
cental tissues; (3) all the remaining portions of the decidual mucosa, those wiiich line 
the greater part of the uterine cavity, collectively form the decidua vera, with whose 
surface, in the later months of pregnancy, the fetal chorion is intimate in relation 

The mucosa of the cervix uteri meanwhile becomes greatly hypertrophied and its 
glands much enlarged. This portion of the uterine mucosa does not, however, enter into 





Fjq, 476^Hcman Uterinr Mucosa os T\vESTY*^ficjiTii Day or Messtroal Cycle. 
Glands v?ry tortuous, stroma scanty. X75. (KuraroVu) 


cnee should be made to an article by G. W. Barlclmer and Carey Culbertson on 
"Histological Stvtdics on the Menstruating Jfucous Membrane of the Human 
Uterus" (Contributions to Embrj’olog)*, vol. 24 . Carnegie Institution of Wash- 
ington, 1933). 

The Gravid Uterus 

In the event of conception the uterine changes are more pronounced than during 
menstruation. Tliese alterations include the same processes of ’hypertrophy and thicken- 
ing as occur in the decidua menstrualis; they involve the musculature as well as the 
mucosa but are not followed by regressive changes — ^liemorrhage, desquamation, etc. — 
until parturition occurs. 

The muscular wall undergoes an enormous increase botli in the number and size of 
its fibers. The relatively short (30 to 60 ft) smooth muscle fibers of the uterine wall 
gradually increase in size to as much as eleven times their former length and two to five 
times their breadth (Kolliker). The connective tissue of the muscular coat also increases 
in volume and becomes more distinctly fibrous. After parturition, fat droplets appear 
within the muscle cells, and the muscular wall by gradual atrophy returns to its former 
condition. 

In the mucosa tlic formation of a decidual membrane goes forward in a manner sim- 
ilar to the development of the decidua menstrualis, but the process is exaggerated. The 
lamina propria soon becomes divisible into two distinct, though not sharply defined, 
layers a deeper cavernous portion which is permeated by broad vascular channels 
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Langhans with their large ovoid nuclei, and a core of connective tissue of a delicate 
embryonic type, in which are the felal blood vessels. Even the smallest villi contain 
capillary loops of broad caliber, which .are supplied by fet.al arteries, derived from the 
umbilical arteries, which distribute their branches throughout the chorionic connective 
tissue The fetal veins accompany the arteries. 




Fic 479— Chorionic Villus at Various Stacfs of Development. 

A. chorionic villus at third week, D, at fourth month; C. at term. (Williams.) X225. 

The Vagina 

The vagina is a fibromascular slicath whose wall is divisible into three coats — 
mucous, muscular and ftbrous 

Mucous Membrane. — The mucous membrane is clothed with a layer of strati- 
fied squamous epithelium, and is thrown into numerous folds or rugae. The 
epithelium rests upon a fibrous l)asement membrane. The lamina propria is formed 
by a close-meshed areolar tissue which, in its deeper and looser portion, is per- 
meated by ^ascular channels of considerable size. This deep vascular lajer is 
frequently described as a submucosa; it rests directly upon the muscular wall. 
The surface of the mucosa presents numerous conical papillae which project well 
into the epithelial layer. 

Musculature. — The musculature of the vagina contains smooth or involuntary 
fibers, and is divisible into an inner arcular and an outer longitudinal layer. The 
muscle fibers are long and slender. Considerable connective tissue is distributed 
among the muscle bundles. The latter are arranged in more or less parallel layers 
which are united by the delicate bands of connective tissue. 

Outer Fibrous Coat. — The outer fibrous coat consists of dense areolar tissue 
which is well supplied with elastic fibers. It loosely unites the vaginal wall to the 
surrounding tissues. In this coat is a plexus of blood vessels and l>mphatics from 
which branches pass to the muscular coat, and to the mucosa, in which they form 
an abundant plexus. An e.xtensive ner\'e plexus, including spinal and sympathetic 
fibers, among which are many small ganglia, is also found in the fibrous coat ■ it 
distriliutes motor branches to the muscular wall and to the blood vessels and 
sensory fibers to the mucosa, m which they end in relation with the cells of the 
lining epithelium. 


4^8 Till' REr’RODUCTn'K SYSTEM 

the hrmation al the dechUta vera; the chanpc^ occtirnnn in in liisitcs, tfioiifjfj simiJ.ir, 
arc mncii less pronoinicctl. 

Chorloatc VilU^Tlicse imumieraliJc procc«c< form (he porlton of the 

placenta? (Issues. Tlicy vary in .si/c from (lie !ir<ja<f main slenn to the very slender 
lermina! branches of tlic OoatinK villi. Tlicy consist of a core of mesoderm covered ui(h 
a variable layer of ectoderm. In the c.ifly condition of the placenta (fourth or fifth 
month of pregnancy) the villi arc clotbcti with a Umil.lc epithelial layer, of which the 




Fic. 4/8. — CiroRio.vic Viu-i from the Homan Pi.ACENTA at Fuu. Term. 
Hcmatcin and cosin. Photo. X114. 


superfjcia} takes the form of a sync}'tiam (phtsmcxlitrophoblast), while the deeper con- 
sists of a cellular layer, the cclU of Langhans (cytotrophoblast). At later periods (sev- 
enth month to full term) the s>ncytmm is found to ha\e undergone a peculiar alteration, 
having: become much thinner, ami having- even compJetely ihsappeared from considerable 
portions of the villi, it being replaced by canalued fibrin. At other points the syncj-tical 
cytoplasm is much thickened and the nuclei appear to be bunched or grouped within the 
thickened portions ; these areas are known as ceU-knots or prcHifcrolion islands. Here 
there the degenerated cell-knots have been replaced by canalized fibrin. \Vberever the main 
stems are inserted into the decidua the epithelium which formerly covered their tips 
appears to have also degenerated mlo .a peculiar hyaline border zone Towards the end 
of pregnancy the cytotrophoblast becomes converted into plasmoditrophoblast. 

Within its syncytium the substance of the villus consists of the superficial cells of 
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an isolated blind duct, usually in the wall of the uterus and vagina, is known as the canal 
of Gartner. It is the vestige of the lower portion of the fetal wolffian duct. 



Iilullenan duct 

ProBfphnc tubule 
Epoophoron 


Paroophoron 


Mullerian duet 


Uterus 

Canal of Gartner 


F«c. 481.— D1AC8AJIMATIC Representation* of the Vfsticiai. Structures of the Genital 
System of the Female Human Embryo. (Kollmann.) 


The External Genitals 


Vestibule. — ^The vestibule is supplied with a mucosa which offers a gradual 
transition from the vagina, on the one hand, to the skin on the other. Its stratified 
squamous epithelium becomes in this way gradually more and more like that of 
the skin, eleidin granules first, and keratin later appearing on the outer surface 
of the labia minora. The epithelium of the labia majora is identical with that of 
the skin. 


Labia Minora. — The labia minora or nymphae form the lateral walls of the 
'estibule and consists of a fold of the mucosa which is provided with exceptionally 
tall papillae. Small sebaceous glands open directly upon the surface of the strati- 
ed squamous epithelium. There are no hair follicles in relation with these glands 
and the labia minora contain no adipose tissue. They are richly supplied with blood 
'essels, and with sensory nerve endings. 

Labia Majora.— The labia majora are formed by similar folds whose inner 
ace resembles the adjacent portion of the labia minora, but whose outer sur- 
er IS cutaneous and is supplied with sebaceous and sudoriparous glands and 
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The vacinal mucosa is rcnectcd uiw>n the outer wall of the cervix uteri, and 
at or near the external os it is ctintinuoiis with the mucosa of the uterine cavity. 
Though occasional glands have been found in the vaginal mucous membrane, lined 
either by mucus-secreting or by ciliated cells, these glands would seem to be’prop- 



cl>., cpitliclium; />., papilla; eJ., connective tissue. (Williams.) 

erly considered as anomalies, since they arc usually absent, the mucoid secretions 
of the vaginal canal being chiefly provided by the abundant supply of mucus from 
the cervical glands of the uterus. The vagina! mucosa is continuous below with 
that of the vestibule. 


The Vestigial Struelures 

The sestigial structures associated witli the female reproductive system include the 
vesicular appendage (hydatid of Morgagni), the epoophoron, and the paroophoron. The 
same general statements made concerning tlie male vestigial structures hold likewise for 
those of the female. 

Vesicular Appendage. — ^Tlie vesicular appendage is attached to tlie fimbriated end 
of the oviduct, its stalk being continuous with the collecting duct of the epoophoron. It 
is a globular pedunculated structure of small size (3 to 6 millimeters diameter) ; it is 
lined with cuboidal epithelium, and may contain fluid. It represents the atrophic end of 
the degenerated wolffian duct. There are besides a variable number of smaller accessory 
vesicular appendages attached to the broad ligament. 

Epoophoron. — The epoophoron (parovarium; organ of RosenmuIIer) lies between 
the layers of the broad ligament in the triangular area between the ovary and the ampulla 
of the oviduct. It consists of a variable number of tubules (eighteen to twenty), the 
homologues of the ductuli efferentes of the male. Tliese tubules may be blind at only one 
or at both ends ; they may be lined with ciliated columnar epithelium, or their lumina may 
become obliterated Those blind only at one end connect with a longitudinal duct, a 
variable remnant of the wolffian duct 

Paroophoron. — ^The paroophoron — ^homoli^e of the male paradidymis — is a more 
mesial collection of similar tubules of like structure and genetic significance. It is said 
to be present only in infants. The further extension mesially of the longitudinal duct, 
eitlier in continuation with the collecting duct of the epoophoron or paroophoron, or as 
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ance of microscopical sections of the gland, raries according to the stage of dcvel- 
opment and the condition of activity of the organ. 

The Active Gland.— During lactation the glandular alveoli are &o numerous 
as to form by far the most prominent portion of the gland. Each lobule consists 



Fig. 482 — Humak Mammary Gland at Late Stage of Pregnancy. 

The section shows one large lobar <luct (near lower left border), several interlobular 
branches, and many alveoli filled with secretion. X60. 

of a cluster of saccular alveoli which open by short alveolar (intralobular) ducts 
into the interlobular ducts of the connective tissue which invents the lobules of 
the gland. The alveoli are closely packed ivithin the lobule. 

The actively secreting alveoli are lined with cuboidal or low columnar cells 
which vary much in height even within the same alveolus, and are often consid- 
erably flattened. Fat droplets accumulate within the distal portion of their cyto- 
plasm The droplets increase, m size as well as in number, until they finally occupy 
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with numerous hair follicles. The sulicpitlicliftl areolar tissue is very dense and its 
deeper portion contains much fat. 

Clitoris. — ^Thc clitoris consists of a mass of erectile tissue, hornolofjous with 
the coTpora cavernosa and plans penis of the male; it is covered by a fold of the 
mucosa. It is well suppHc<l with ticn*cs, whicli terminate in tactile corpuscles, end- 
hulhs, and genital corpuscles. In tliis vicinity also, as well as in (lie region of the 
laliia, pacinian corpuscles arc occasionally found. 

Hymen.— -The hymen is a thin incmhranc formed hy a reduplication of the 
vcstilntlar mucosa. Its inner surface is similar (n that of tlic s-agina. Its outer 
surface is lihe that of the laliia minora. 

Olandulae Vcstibularcs Minores.— The glandulac vestilnilarcs minorcs are a 
grorip of small mucus-secreting glands, similar in structure to the urethral glands 
of Littre in the male, which occur in the vcstilmlar mucosa in the vicinity of the 
meatus urethrae. 

Glandulae Vestibularca Majores. — ^Thc g1an<lulac vestilnilarcs majorcs (glands 
of Bartholin) form a pair of (uhulo-alvcolaT mxicus-secrcting glantls which open 
hy a narrow duct into tlic groove Ijctwccn the hymen and labium minus. The 
tubular alveoli are lined with columnar mucus-sccrcliiig cells. TIjc ducts arc clothed 
with columnar epithelium, which, as they approach tlicir tennination, becomes 
douhlc-TOwcd, and finally changes to a stratified s<}uamous epithelium similar to 
that of the surface upon which they 0 |)cn. These ducts frequently present saccular 
dilatations. 


ThR Mammary Glands 

From a strictly histogcnctic standpoint the mammary glands should be consid- 
ered as appendages of tlie skm, and as such should more properly have been con- 
sidered m the chapter devoted to that subject. Yet tbese glands are so closely 
related to the reproductive functions, attaining their full development only in the 
lactating female, that it seems equally proper to consider them at this time as 
accessory reproductive organs. 

The mammary glands may be regarded as modified sweat glands. Though 
producing a fatty secretion they show no resemblance to sebaceous glands. The 
mammae undergo the same slight but progressive development in both sexes until 
the time of puberty when they suffer regressive dianges in the male, persisting 
thereafter only in rudimentary condition. In the female they continue to grow, 
but become functionally active only in the event of pregnancy. Upon tlie hemi- 
spherical corfyus maviinae can be distinguished the central raised nipple or niaiit- 
milla, and the surrounding roughened and pigmented circular area, the areola. 

Each mammary gland consists of fifteen to twenty lobes, each of which is of 
itself a branched saccular gland whose lactiferous duct opens on the surface of 
the nipple near its apex The main lactiferous or lobar ducts subdivide in an 
arborescent manner into many interlobular ducts, about which are clustered the 
groups of secreting alveoli, each group forming one of the many lobules included 
in a lobe of the gland. The structure of the lobule, as well as the general appear- 
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demonstrable. The thin lamina propria is, however, richly supplied with blood 
capillaries, lymphatic vessels and nerve fibers. 

The ducts of the mammary gland are lined witli either a single or double row 
of low columnar cells. They possess a relatively broad lumen. Their membrana 
propria is supported by a thm connective tissue wall, containing both circular and 
longitudinal elastic fibers but no muscle. The elastic fibers of the smaller ducts 
are poorly developed, but in suitable specimens the 
longitudinal fibers are readily seen even in very small 
branches. Beyond the lactiferous sinus the duct epi- 
thelium changes to a stratified squamous variety which 
is continuous with that of the cutaneous surface of the 
nipple. 

The glandular lobules are firmly united by strong 
septa derived from the dense areolar tissue in which 
they are embedded. In the deeper jiaris of the gland 
occasional lobules of fat are found in tins tissue. Within 
the nipple and beneath the adjacent portions of the 
areola, smooth muscle fibers arc also found. These arc 
arranged in circular bundles at the base of the nipple, 
with longitudinal fibers within its substance which, at 
the base of the mammilla, diverge m radiating bundles 
into the subcutaneous tissue of the areolar zone Con- 
traction of these fibers elevates and hardens the nipple, 
thus stimulating the action of the erectile tissues. 

Elastic fibers are more abundant than was formerly 
recognized in the walls of the alveoli and in the inter- 
alveolar connective tissue, frequently in intimate asso- 
ciation with smooth muscle cells. Such “eJastico-musailar 
apparatus” is well developed in the peripheral portion 
of the glands, in the subpapiilary layer of the skin, and especially in the vicinity of 
the nipple. The elastic fibers, which are superficially distributed, appear embedded 
at their deeper ends in the muscle fibers This peculiar arrangement of elastic fibers 
in relation to smooth muscle probably aids m the expulsion of the secretion. 

Embedded tn the subcutaneous tissue of the areola are also a number of small 



Fic. 484 -~Portiox or Ac- 
tive Alvcoi-us op Mam- 
mary Gland of Rabbit 
25 Da\s after Becin- 
aisa OF Prec.vancy. 

TIic lumen contains a 
vacuolated secretion, Its 
more solid portions repre- 
senting apical cytoplasm in 
process of separation from 
the secreting cells. Below 
the alveolus, at the right, 
appears a myoepithelial cell. 
KiioQ (Schil.) 


accessory' lactiferous glands known as the glands of Montgomery {areolar glands 
of Dttval). The nipple and areola contain also abundant sebaceous glands, and 
sweat glands are present m the periphery of the areola. 

The Resting Gland. — the cessation of lactation the glandular alveoli 
undergo a rapid atrophy, and are replaced by connective tissue derived from the 
interlobular stroma. The ducts contract and the epithelium piles up to form a two- 
rowed, or even thicker, layer. The alveoli are reduced to mere buds from the 
terminal ducts, and their lumen is almost obliterated ; their epithelium is similarly 
massed into a double layer of small cells. The lobules are reduced in size and con- 


** Liporovsky, 1914, 
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llie greater part of the distal end of the cell and arc separated from each other 
by only a narrow interval of albuminous cytoplasm. Finally the fat droplets are 
discharged into the broad lumen of the alveolus, where they apjiarcntly still retain 
a thin albuminous envelope which prevents tlieir cohesion and consequent fusion, 
and thus permits their 'suspension in the alhummous, fluid portion of the milk. 
Tlie milk may include also cytoplasmic and nuclear dchri.s. The functional cj'cle 
of tile mammary glands of the rabbit ha.s liccn investigated in great detail by Schil.** 
The spherical nuclei of the secreting cells during this process are crowded 



Fio. 483 .— Active Mam.mary Gland or RADon: (Twfntv*two Days apter pECUiniATioir). 

The alveoli arc filled ^\^th milk containing fat droplets. X416 (Schil.) 

to the base of the cell, and after the discharge of the secretion the shrunken but 
nucleated cell remnants remain in jiVh; after a period of rest the cells apparently 
resume their secretory function. It appears probable - that each cell in its life 
history may repeatedly pass tlirough the cycle of secretory changes, though the 
exact number of such cycles which an individual cell may present obviously does 
not admit of demonstration. They are of the merocrine or apocrine type of gland. 

As a rule, the active epithelium consists of a single row of cells, though 
here and there they appear as if piled upon one another to form a double layer. 
During pregnancy many of these cells may be seen in mitosis. The actively secret- 
ing cells contain basal (ergastoplasmic) filaments. These filaments break up into 
granules from which minute fat spherules develop."^ The epithelium rests upon 
a reticular or homogeneous basement membrane, within which are occasional 
basket cells. These have been interpreted as smooth muscle cells, similar to those 
of the secretory portions of the sweat glands. The alveoli of the active gland are 
so closely packed that a connective tissue lamina propria is no more than scarcely 


2® Schil, igi2 
2THoven, 19”- 






FEMALE ORGANS OF REPRODUCTION 497 

comes to the conclusion that the colostrum corpuscles are in part epithelial cells of 
the acini and galactophoric canals. 

Lewis and Wells interpret the function of colostrum in terms of the chief 
source of supply of protective antibodies associated with euglobulin, which latter' 
is said to be lacking in the blood of the newly born. 

Activit}’ of the mammary gland appears to be directly 
under the -influence of the placenta. During pregnancy 
new acini begin to be differentiated about the third month. 

Several days after parturition milk is secreted. Philips 
has been able to stimulate colostrum secretion in non- 
pregnant middle-aged women by implantation of placental 
tissue of the third month of pregnancy into the abdominal 
wall. 

The blood vessels of the mammary gland arc siiecially 
abundant They form rich capillary plexuses about the 
walls of the active alveoli Many of the venules coining 
from these plexuses converge toward the areola, where 
they form an incomplete venous circle {circtdus vcuosus 
of Haller) from which the efferent veins take their 
origin. 

The lymphatics of the mammary gland are also 
numerous. They take origin from broad channels among 
the alveoli and enter a rich plexus about the interlobular 
ducts. From here several vessels pass to the lymph nodes 
of the axilla. 

The nerves of the mammary gland include both spinal ^sc.-Fro^s a Section 
C l T-i.- 1-.. Human Mam- 

mary Gland in the 
Resting Condition 



(sensory) and sympathetic fibers. The latter are distrib- 
uted to the vascular walls, to the smooth muscle of the 
areola and nipple and to the alveolar epithelium The 
sensory fibers supply the connective tissue of the nipple 
and areola where they occasionally terminate in tactile 
and pacinian corpuscles. Among the secreting alveoli the 
nerve fibers form an epilemmal plexus beneath the mcm- 


0, remnants of tlie gland- 
ular alveoli, b, duct; c, con- 
nective tissue. Certain re- 
gions of the fibro-elastic 
stroma usually contain va- 


hrana propria, from which fibrils penetrate between the SmTtdn'fndtS 

epithelial cells, upon which they end in minute granular Xio 

varicosities.*® 

Milk. — Milk, secreted by the active mammary gland, consists of an emulsion, 
m which fat droplets, varying in size from t\vo to twenty microns or more, are 
suspended in a watery albuminous fluid Water constitutes about 86 per cent of 
the secretion. The protein constitutent (3 per cent), w’hich is largely nuclein, is 
derived in part from degenerating nuclei. Milk contains also a small amount of 

Lewis and Wells, 1922. 

** Philips, 1924 

**Arnstem, 1895 
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sist only of n few shrunken nivcoli clustcrcil almut (lie tcrminalion of an intcr- 
lohular duct. The lumen of the .alveoli, if any, cont.iin'; no secretion, and that of 
the ducts, except for a little ijranutar allmminous material and an occasional 
leukocyte. Is empty. 

The couticctivc tissue strom^v is much incrcascil iit volume, and in places shows 
a marked infiltration with fat. The alveolar tissue of the mammary gland at all 
limes contains wandering kukocytes, and many granule cells, both acidophil and 
basojdiil in character. 

With the appearance of pregnancy the gland promptly reenters a state of 
activity,' Us alveoli multiply; its connective tissue 
becomes relatively diminished in volume; its 
lohulos arc refomicd and their alveoli fiiwUy Iiegin 
secretion. Secretion is licraldcd liy (he formation 
of a gramilofatty colostrum, a rather serous fluid 
in which arc suspcndccl large numlicrs of colosiruiii 
eorf>tiscU’s, large spheroidal cells, resembling leuko- 
cytes In their general form and in the character 
of their nuclei, hut which possess a broad rim of 
cytoplasm often containing numlicrs of fat globules 
of varying size. Their cytoplasm has also lieen 
showm to contain neutrophil granules of Ehrfich 
similar to those of the polymorphonuclear leuko- 
cytes.^ 

Colostrum discharge precedes and follows 
the perio<l of lactation for a few days; a similar 
}-ccrc!ion appears also in Iiotfi se.ves for several 
tlays after birth when it is commonly kno^^’n as 
“witch’s milk." 

The origin of the colostrum corpuscles is still somewhat in doubt, though 
modern technic has gradually discredited the theory of their origin from desqua- 
mated remnants of the alveolar epithelium. They are more probably enlarged 
leukocytes which have wandered through the alveolar wall and have tlius found 
their way into the lumen, where they take on a phagocytic activity and continue 
their growth The following facts may be mentioned in support of this theor}'; 
(a) leukocytes can be readilj’ found l>etwcen the cells of the alveolar epithelium 
as well as in the Uimina of the sacailes; (f») the colostrum corpuscles examined 
in a fresh condition on a ivarmed slide liave been repeatedly shown to possess tlie 
property of amehoid motion; tc) the colostrum corpuscles when stained, present 
the same granular and nongranular varieties as do the leukocytes of the blood; 
(d) finally, the colostrum corpuscles have been shown to undergo mitotic cell dm- 
sion, a phenomenon which we should hardly expect to find in degenerated and 
desquamated epithelial cell remnants. However, Gregoire*" in his investigation 
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29 Michaelis, 1S98. 
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CHAPTER XVI 

THE DUCTLESS GLANDS, ENDOCRINE GLANDS 
{Organs of Internal Secretion) 

Under this heading it will be convenient to consider the suprarenal, thyroid, 
parathyroid, thymus, carotid, and coccygeal glands, the paraganglia, h)pophysis 
cerebri and the epiphysis cerebri. This group of organs properly includes also the 
pancreatic islets, the interstitial cells of the testis and the ovary, the corpora lutea, 
the duodenal mucosa, the gastric mucosa and the liver, already described. 

SUPRARENAL GLANDS 

The suprarenal glands (bodies or capsules, also called fldreno/r) are two flat- 
tened irregular glandular masses situated close to the cranial extremity of eaclj 
kidney, but without organic or genetic relationship with the renal system. Eacli 
weighs about one-seventh of an ounce. On section the adrenal is seen to be readily 
divisible into a bright yellow or brownish-yellow cortex and a more vascular, and 
hence darker and somewhat reddish, i»etfnlfo, whose central portion transmits 
several large veins which make their exit from an indentation in the anterior 
surface of the organ, known as the hihts. 

Histologic Structure. — ^The organ is inclosed by a connective tissue capsule 
of considerable thickness. From the inner surface of the capsule delicate fibrous 
trabeculae pass inward and subdivide the epithelial parenchyma of the organ into 
cell groups and columns, which vary in their appearance according to the distribu- 
tion of the connective tissue trabeculae. The suprarenal parenchyma is exceptionally 
prone to postmortem changes. In the medulla the connective tissue presents an 
irregular areolar arrangement; the more regular, though varying form of the 
areolae in the cortex, subdivides this portion of the organ into three more or less 
distinct layers, which were first described by Arnold ^ as the zona gloiuerulosa, 
zoua fasdcxdata, and coiio reticttlaris. 

In the zona glomerulosa the connective tissue trabeculae subdivide the epi- 
thelium into spheroidal groups of cells, many of which are continuous with the 
cell columns of the adjacent zona fasdculata. The glomerulate layer is relatively 
thin and lies close beneath the capsule. 

The stroma ol the zona fasciculata is continued inward from the glomerulosa, 

* Arnold, 1866. 
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sugar (5 per cent) and a trace of salt. Eadi fat droplet is presumaMy invested 
with a thin coat of casein, derived from the c)'toplasm of the secreting epithelium. 
Occasionally leukocytes occur in the milk, hut never in large numbers, and like 
the similar colostrum corpuscles, they arc mostly confined to the earlier periods 
of lactation. 

Recent cxi^rimcntal analysis of the mcclianism of lactation indicates that growth 
of the ducts is dependent upon the ovarian (follicular) hormone Ihccliu (cslrouc), 
growth of the acini upon the ovarian hormone corforht and sccretor}' activity upon 
a lactogenic hormone (galacliu, f'rolacihi) of the pars distalis of the hypophysis 
cerebri. Reference should be made to Allen's Sex and Ititenial Secretions, Williams 
and Wilkins, 1939, and to Kurzrok’s The Endocrines in Obstetrics and Gynecol^ 
ogy, Williams and Wilkins, 1937. 
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columns. In man it passes almost insensibly into the medulla ; in many animals — 
e.g., the dog, cat, and pig — there is a sharp demarcation between the zona reticu- 
laris and the medulla, produced by a thin membranous layer of connective tissue 
which apparently results from the fusion of the central ends of the fibrous bands 
in the cortical stroma. Such a membranous septum is usually wanting in the human 
adrenal. 

The connective tissue stroma of tlie suprarenal consists of a delicate vascular 
network, which in the cortex contains very few if any elastic fibers. This connective 
tissue is, in large part, at least, a reticular tissue. The capsule consists of dense 
bundles of coliagenous fibrous tissue among which are many elastic fibers. The 
stroma of the medulla is also richly supplied with clastic tissue. 

The epithelium of the rona glowcruhsa is arranged in spheroidal groups or in 
hooked or slightly coiled columns which are continuous with the straight columns 
of the fascicular zone. The cells of the zona glomcrulosa arc closely packed within 
the connective tissue meshes and the cell outlines are very indistinct. Wherever 
their outlines can be readily dtstingnished the ceils are seen to be of columnar 
shape and are arranged in slender coUmins whose cells are often grouped about 
an indistinct central lumen. The cytoplasm of the cells of this zone is finely granu- 
lar and stains readily with acid dyes. Occasional minute fat droplets appear in 
the innermost cells of the group, but these arc never so abundant as in the more 
internal portions of the cortex. The nuclei in this zone are spheroidal in shape 
and rich in chromatin ; they present frequent mitoses, but these are more abundant 
in early life than in the adult. 

The cells of the sona fascictilala are highly characteristic. They are arranged 
in long straight columns which extend from the zona glomerulosa inward to the 
zona reticularis. The cells are columnar or polyhedral in shape ; many of them 
contain minute fatty droplets in great abundance. This fat is readily blackened by 
osmic acid. Arnold (1902). by extraction with ether, obtained crystals of palmitin 
and stearin from the suprarenal gland Pleciiik = however, considers that the supra- 
renal fat differs m its ultimate chemical properties from the other fat of the 
body. Each columnar group consists of cells which are, as a rule, in approxi- 
mately the same stage of fatty metamorphosis, and the cell columns of this zone 
may be divided into those which are distinctly acidophil and those which are 
distinctly fatty, though between these extremes there are many intermediate stages. 

The acidophil cells are ovoid or polyhedral elements which possess one or two 
highly chromatic spheroidal nuclei and a finely granular cytoplasm. On careful 
examination with high magnification, extremely minute fat droplets may often 
be demonstrated even in the most characteristic of these cells; with lower mag- 
nification these are frequently invisible. 

The fatty cells possess a spheroidal nucleus which is usually vesicular in char- 
acter; occasionally it is highly chromatic. Frequently the apparent chromatolysis 
seems lo progress m exact ratio to the accumulation of fat; those cells in which 


Plecnik, 1Q02 
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but IS so down mu as lu (orm clon(plc<l areolae, inclosinf; cell columns of consid- 
erable Icngllt, svliicl, are d.siwscd in a ra<li.il manner. This is the broadesi of (he 
three cordcal rones and is imer)>oscd lictsvccn the Klomemlosa and reticularis 



Fig, 487. — Draivikc of Section op Child's Suprarpxal 


a, central vein, b, capsule, c, zona glomerulosa ; d. zona fasciculata; e, zona reticularis; 
/. medulla 


At the inner border of the zona fasdculata the connective tissue bundles pass 
insensibly from the regular columnar arrangement of this layer into a reticular 
maze. The resulting cell groups are of very irregular form and compose the inner- 
most cortical la)er, the zona reticularis. This layer is the thinnest and least distinct 
of the three zones of the cortex. It can often be more readily distinguished by 
the highly pigmented condition of its cells, than by the mere form of its cell 
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young persons, but is, as a rule, present after the twentieth year of life.* In the 
suprarenal of the mouse, and probably of other mammals, many of these cells 
can be seen in process of amitotic division. In young individuals (mouse) the 
zona reticularis is equally developed in both sexes. In the female it subsequently 
increases gradually in volume to the time of puberty ; but in the male it disappears 
prior to sexual maturity, except for a few degenerate cells. In old females also 
the zona reticularis disappears almost entirely, the suprarenal consequently assum- 
ing essentially the same structure as in the male. Castration of the male restores 
the zona reticularis to the volume cliaracteristic of the male infantile condition.^ 
The various morphological types of cells in the cortex may be regarded as dif- 
ferent stages in the life history of the same cell. It is reported that tliese gland 
cells may be derived in the adult suprarenal corte.x from certain indifferent cells 
formed in the capsule.® 

The suprarenal glands are significantly larger in the female than in the male 
sex, in consequence of a greater anioiini of cortc.x. “The cortico-medullary ratio 
averages 12.4 to i in the white mates, 204 to i in white females, 8.3 to 1 in negro 
males and 14.2 to i in negro females.” * 

The epithelial cells of the medulla arc ovoid elements with one or two spherical 
nuclei, which in many cases possess a vesicular character; in other cells they con- 
sist of a dense, almost solid, mass of chromatin. The shape of the cell groups in 
the medulla varies greatly; usually they form small spheroidal masses or short 
columns. The cells are frequently arranged in a more or less tubular form but 
without a distinct lumen. Frequently they surround a minute capillary vessel. 
The medullary cells presumably pour their secretion into the blood vessels, whose 
broad sinusoidal capillaries permeate the delicate connective tissue bands which 
inclose the cell groups. Felicine ^ claims to have demonstrated the presence of 
minute intra- and intercellular secretory canaliculi which open directly or indirectly 
through broader lacunae, into the blood vessels. 

The cell groups of the medulla, like those of the cortex, are divisible into the 
acidophil and the fatty types ; the former are the more abundant, but the fatty 
metamorphosis is scarcely ever so advanced as in the cortex. There is, however, 
great variation m the size of the medullary cells. The larger ovoid elements form 
the typical groups ; between these groups are narrow cell columns consisting of 
much smaller and less highly acidophil cells, which are arranged in slender columns 
and scattered irregular masses. 

The striking feature of the medullary cells is their granular content. These 
chromafin granules have a special affinity for chromic acid and its salts, and stain 
a light brown or yellow. Their staining capacity in chromium solutions is due to 
the presence of adrenalin.^ The granules are very readily soluble in acids. 

® Maass, 1889 

* Masui and Tamura, 1925. 

® Zwemer, Wotton and Norkus, 1938. 

* Swinyard, 1940. 

* Felicine, 1904 

•Kingsbury, 1911. 
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Ihc fntty mdnmoriiliosis is more mlvaiiccd jircscnt the more typically vesicular 
miclctis, With the propress ot the fatly luct-imorphosis the cell outlines arc apain 
lost ami the pramilar aciilophil cytoplasm RraeliMlIy replaced. The presence of fat 
in the hroad zona fasciciilata is partially rcsiionsihlc for the bright yellow color 
of the cortex of the organ. 



Fic. 488 — More Highly SKCicit or Small Portion or Precedinc FicintE. 

The cells of fife sona reticularis are similar to those of the zona fasdculata, 
though the fatty metamorphosis is less pronounced. In one particular, however, 
the cells of this layer are remarkable. Th^’ contain an abundance of a peculiar 
brownish-yell 010 pigment which occurs both in the form of coarse granules and 
as a diffuse coloration of the cytoplasm. The spherical nuclei, highly chromatic 
or only slightly vesicular in cliaracter, ace not invaded by the pigmentation. The 
volume of pigment varies greatly in different individuals; it is usually absent in 
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tomosis, through the medulla to the central veins. The venules of the corte.v 
possess no wails other than their endothelium. The lining of the cortical capillaries 
and venules constitutes part ot the reticulo-endothelial s}-5tem of the Aschoff. 

The incduUary arteries are also deri^'ed from the capsular plexus. They pene- 
trate the cortex, and at the border of the medulla abruptly terminate in a plexus 
of capillary vessels which lie in the connective tissue stroma and come into inti- 
mate relation with the nieduUary cells- These vessels possess extremely thin avails, 
their endothelium often being in direct contact with the adjacent epithelium, whose 
cells frequently impinge upon the lumen of the capillary vessel. The capillary 
plexus per^'ades the entire medulla, its vessels Iieing here and there collected into 
small venules which unite to form the central veins (see Fig. 490). These form 



n. artciics; v. v«tn. X25. tFlinl) 

two, or sometimes four, main stems (Flint) which make their exit at the hilus 
and enter the lumbar or renal vein, or, on the right side, enter the inferior vena 
cava. 

All of the efferent veins of the adrenal are characterized by a peculiar dis- 
tribution of their smooth muscle fibers, which occur in considerable abundance 
but are nearly all disposed m the axis of the vessel; the circular muscle fibers are 
confined to a very thin coat beneath the endothelium, or are often entirely' absent. 
Frequently, and especially in the central veins of the adrenal, the coarse bundles 
of longitudinal muscle fibers project into the lumen of the vessel in a somewhat 
regose manner. Whenever two veins unite to form a larger vessel, and at the 
junction of a central vein with any of its branches, these protuberant muscular 
bundles are especially promment. Moreover. Ferguson “ describes anomalous ves- 


Ferguson, 1905. 
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In tlic vicinity of tlie central veins, small nerve trunks arc found, and occa- 
sional tninutc Ranfilia or isolated nerve cells occur alonp their course. These arc 
not to he confused ^v^th the larj^e ovoid cpUhelial cells of the medulla. 

Blood Supply. — The arteries which supply the suprarenal glands form a ptexus 
of vessels in the capsule of the orpii and m the nciRliliorinR connective tissue. 
Some of the .smaller branches of this plc.xm, the capsular arteries, supply the, 
capsule itself; others enter the orRan and arc distriliuled to the cortc.x and to 
the medulla. The blood supplied to the capsular arteries, after traversing the 
capillanc.s, enters .'•mall venules which arc tributary to the lumbar and phrenic 



Fic. — PiioTOMicnoGRAPii OF Pfjupiieral Portion of Doc’s Suprarenal. 

C, capsule; G, zona glomcnilosa; F, zona fasciculata. 

veins. The course of the cortical .'iiul medullary vessels has been exhaustively 
studied by Flint.® 

The cortical arteries enter the rona glomenilosa where they abruptly break 
up to form a capillary plexus yvhtch occupies tJie connective tissue between the 
cell columns. Capillary vessels are continued from this plexus through the inter- 
cellular reticulum of the zona fasciculata, where they are in intimate relation with 
tjjg epithelial cells, and reach the zona reticularis. In the zona reticularis the 
capillaries are collected into thin-walled venules or sinusoids. The intimate asso- 
ciation between the cortical cells and the extensive capillary network provides for 
the vascular escape of the internal secretion of the cortex. These vessels, after 
some anastomoses, form venous stems which are continued, without further anas- 


» Flint, jpoo 
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T!ie cortical component arises as a series of buds from the celomic epithelium covering 
the dorsomedial surface of the cephalic third of the wolffian body. The medulla develops 
from cells which have migrated from the abdominal sympathetic plexus (celiac plexus), 
and ^Yh^ch elaborate peculiar granules having an affinity for chromium, hence called 
cliromafiu or /'licochrmiic cells. The ontogenetic process recapitulates almost precisely 
the pliylogenetic history of the suprarcnals: In fishes the homologues of the two mam- 
maltan components remain separate, and the cortical representative includes a series of 
bodies, the vtlcrroml bodies or organs: the medullary representative, also comprising a 
series of structures, is known throughout, due to its close topographical relationship to 
the kidney, as the adrenal. Tlie cortex of the mammalian suprarenal gland thus repre- 
sents the product of fusion of the ichthyoid interrenals. Tn the groups between fishes and 
mammals, the association of interrenals (cortical component) and adrenals (medullary 
component) becomes progressively more intimate; in frogs and salamanders the cortical 
and medullary primordia are in contact, in reptiles they have begun to merge, in birds 
they are irregularly intermingled. 

The suprarenal is essential to life. According to Crile (1914) the brain is intimately 
dependent upon the suprarcnals; when both glands are e.\cised in the rabbit death follows 
in eighteen hours, the brain cells meanwhile exhibiting loss of chromophilic substance. 
The two portions produce different hormones. The cortex is generally believed to elabo- 
rate an antitoxic secretion (“cortin,” cortico-adrenal extract, intcrrcnalin) for neutrali- 
aation of harmful products of destructive metabolism. The function of the medulla is 
dependent upon the adrenalin (adrenine, epinephrine) of the pheochrome granules, 
probably having to do with maintaining the proper tonus of the muscle of the heart and 
blood vessels, thus underlying blood pressure. Minute amounts of epinephrine in the blood 
effect a sensitization of the vasoconstrictor nerve endings so that the efferent impulses 
discharged cause the muscular coats of arterioles to contract vigorously, the result being 
an increase in blood pressure. The most conspicuous diseases of the suprarcnals involve 
hypersecretion of the medulla, perhaps inducing to arteriosclerosis: and hyposecretion 
of the cortex, frequently the result of tuberculous lesions, producing a clinical complex 
know’n as Addison’s disease Euler (X 9 - 9 ) explains the hypernormal temperature of 
fever in terms of overactmty of the adrenals; adrenalectomized animals can not be made 
to develop fever. 

Tlie recent investigations of Swingle ct 4 il. on dogs leads them to conclude that 
“The function of the adrenal cortical hormone is the regulation and rnainteuance of a 
normal circulating volume of fluid within the vascular sjstem. In the absence of tlie 
hormone, fluid is continually lost from the circulation presumably by transudation through 
the capillary walls, with the result that the adrenalectomized animal is unable to maintain 
bis normal blood volume, and eventually dies from circulatory collapse due to insuffi- 
ciency of circulating fluid " Bilaterally suprarenalcctomized dogs have been kept abve 
for nearly two years by the daily injection with adequate maintenance doses of the cortical 
hormone Bilaterally suprarenalectomized cats survi\e for a period of from seven to ten 
days. Death can be prevented by the injection of cortico-adrenal extract. Britton and Sil- 
\eue‘s conclude on the basis of their experiments with cats that the factor chiefly 
responsible for the death of their animals from which the suprarcnals were removed is a 
specific effect on carbohydrate metabolism causing a profound drop in the normal glucose 
and glycogen levels in the body. They suggest that “the primary action of the [life- 
preserving! hormone of the adrenal cortex is concerned with the maintenance of normal 
carbohjdrate balance in the body.” 


Swingle. 1933 

Britton and Silvette, 1931. 
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scls of a venous nature which arise in the medulla, penetrate the cortex, and enter 
the venous plexus of the capsule; and in these instances the same peculiar dis- 
tribution of the muscle has liecn observed in the veins of the capsular plexus. 

Lymphatics. — The lymphatics of the suprarenal gland, according to Stilling,” 
form rich plexuses in the aona glomcrulosa and in the medulla; elsewhere they 
are less abundant. They follow the course of the blood vessels and arc especially 
well developed in the vicinity of the central veins. 

Nerves. — Tlic suprarenal is well supplied with small sj*miiathctic nen*e trunks 
from the solar plexus. They form a plexus in the capsule from which branches • 
arc distributed to tlie cortex and to the mctlnlla. In the cortex they invest the 
blood vessels with a delicate plexus, but have 
not Iicen found within (he epithelial cell col- 
umns. In the medulla they are also distributed 
to the blood vessels and arc supplied with occa- 
sional sm-ill ganglia. Passing from the plexus 
of sympathetic nerve fibers which invests the 
groups of medullary epithelium, Dogicl (1894) 
demonstrated delicate fibrils, supplied with 
inimttc s-arlcosilics, which penetrate between 
the epithelial cells and terminate in a manner 
very similar to that whicli is characteristic of 
the epithelial parenchyma of other secreting 
glands. 

Accessory Snprarenala. — These include 
bodies of three types of structure: (1) bodies 
consisting exclusively of cortical substance; 
(2) bodies composed exclusively of meduHary 
substance and indistinguisliable from para- 
ganglia; and (3) the true accessory (super- 
numerary) suprarenals consisting of both 
cortex and medulla. These bodies are widely 
distributed in the vicinity of the suprarenal, 
sometimes embedded within its substance, sometimes in the kidney, where the 
ectopic tissue produces a hypernephroma, or even in the liver. They vary in size 
from microscopic bodies to such with a diameter of a centimeter or more. They 
are frequently found also in connection with the genital system, a rather large 
representative being almost invariably present in the space between the testis and 
the epididymis, and in the broad ligament of the female close to the ovary, where 
It is known as Marchand's gland or Marchand’s adrenal. 

Development and Function. — ^The suprarenal gland is a composite structure formed 
by the intimate association of two embryologically distinct primordia: one, the cortiral 
component, of mesodermal, the other or medullary component, of ectodermal origin. 



Fie. 491 — Section or Part or an 
Accessory Suprarenal (Chromo- 
piin. Body), Newborn Child. 
chr, a chrotnophil cell. (Schafer in 
Quain, Analomi'.) 


11 Stilling. 1887. 
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The foUicuJar cpilhcltum is typically cuboidal in shape; in young individuals 
it is somewhat taller than broad. In those follicles which are distended with colloid 
secretion the epithelium is relatively short; in those which are empty it is taller. 
Each cell contains a single spheroidal nucleus which lies in the center of the cell, 
or somewhat toward its basal extremity. This orderly disposition causes the nuclei, 



Fic. 492 . — Sectiox of Several Follicles of Thveoid Gland of Man. 

The follicles are lined with short columnar and cuboidal epithelium. The lumens contain a 
vacuolated mass of colloid X700 (.Hardesty) 

when seen in sections of the follicle, to appear as a continuous row in the wall of 
the alveolus, a disposition which is noticeahle for its exceptional regularity 

The cytoplasm of the epithelium is finely granular and decidedly acidophilic. 
It usually contains some coarse granules and very small fatty droplets, which 
generally occupy the extremities of the cells. Minute spheroidal granules which 
give the color reactions of colloid are also found in the cytoplasm of the epithelial 
cells Hurthle,** by staining with the Biondi-Ehrlich mixture, succeeded in differ- 
entiating two types of cell, one lightly staining, the “chief cells,” the other a darker 
colioid-contaimng type which he designated as “colloid cells,” These variations 
probably only represent different stages of secretion in the same epithelial cell type. 
Minute intercellular canalicuU occur at the angles between adjacent cells. 

In the thyroid of the opossum Bensley'* also describes two types of cells 
namely, the usual epithelial cells and ovoid cells. The latter hold a parietal position 
in the follicle; they are filled with fine eosinophilic granules which give to these 


Hurthle, 1894 
Bensley, R, R., 1914. 
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THYROID GLAND 

Tiic tliyrojd consists of fi mass of glandufar tiilmics or fotficlcs, supported by . 
a connective tissue stroma and supplied with a thin Init dense fibrous capsule which 
closely invests the surface ('f each of its lobes. The thyroid weighs between i 
and 2 ounces. 

Connective Tissue Framework. — ^Thc capsule of the thyroid consists of dense 
fibro-elastic tissue, from which trabeculae, containing the larger blood vessels, 
pass inward and produce an Indistinct lolmlar sulidivision. A network of delicate 
fibers, among which are very few If any elastic fillers, jiasscs from the trabeculae 
and invests the glandular follicles, fonning a delicate basement mcmlirane for 
their cpitbclium. Flint” has shown that much of this iiitcrfollicular connective 
tissue is of the reticular variety. In it arc contained the smaller hlood vessels and 
lymphatics. It also contains a few lymphoc^lcs, which are scattered alxnit in a 
diffuse manner. It increases in amount with age. 

Parenchyma. — ^The follicles of the thyroid arc ovoid saccules or short branched 
tubules with frequent diverticula.** They vary greatly in iliamcter. Many of them 
present scarcely any lumen; others, by their c.xtrcme .size (joo to 300/1), simulate 
small cysts. All follicles which possess any considcrahle lumen contain a peculiar 
acidophil suhstaucc, known as colloid, which Is apparently formed by the secretorj’ 
activity of the glandular epithelium lining the follicles. 

Colloid is a homogeneous or very finely granular substance which stains readily 
with eosin, taking a very bright tint closely resembling that acquired hy the hemo- 
globin of the red hlood cells. Frequently, and especially in specimens which have 
been fixed and hardened in alcohol, it presents a vacuolated appearance. As a 
rule the lumen of the follicle is not completely filled with the colloid mass, which 
is then adherent to the surface of tlie lining epithelium by delicate thread-like 
processes; the colloid thus acquires a deceptive appearance of extreme contraction, 
as if Its surface, except for occasional delicate strands, liad been drawn away 
from the epithelium. 

Occasionally a single large vacuole, often containing basophil granules or 
crystalloid particles, occupies the center of the colloid mass in the larger follicles; 
at other times the colloid material appears to be broken into minute spherules. In 
general, the ratio of colloid content within the follicle, roughly stated, is in pro- 
portion to the age of the individual. The follicles at the periphery of the lobes of 
the gland are less fully distended than those in the interior. 

Embedded in the colloid mass within the follicle, even in the apparently normal 
thyroid, red blood corpuscles and desquamated follicular epithelium are frequently 
found, but never in large’quantity. Leukocytes are of less frequent occurrence 
and are more rarely found in the human thyroid than in that of the lower, 
mammals. 


« Flint, 1903 
15 Streiff, 1897. 
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The epithelium rests upon a very delicate reticular basement membrane and 
is in close relation with the capillaries and lymphatic vessels of the interfollicular 
stroma. Colloid material, similar to that within the follicles, has been repeatedly 
found within the l>Tnphatic vessels (Baber, Langendorf, Hurthle) and may be 
readily demonstrated in most sections of the thyroid. This does not, however, 
represent the entire internal secretion of the gland. 

Blood Supply. — ^The arteries form a rich plexus in and about the capsule of 
the thyroid, from which numerous branches penetrate the organ, lying in the 
connective tissue trabeculae between the lobules; they are distributed to all parts 
of the gland. They supply a rich intimate capillar)' plexus in the walls of the 
follicles. The epithelial cells of the follicles rest directly on the endothelial cells 
of the cajiillaries. The veins retrace the course of the arteries. The walls of the 
smaller venules consist only of endothelium, with a very thin coat of fibro-elastic 
connective tissue. 

Lymphatics. — The thyroid is very abundantly supplied with lymphatic vessels. 
These form a plexus of very broad lacunar capillaries in the interfollicular con- 
nective tissue, where they stand in intimate relation with the follicular epithelium 
and the blood capillary plexus. From this plexus vessels pass to the interlobular 
connective tissue, in which they form a second plexus, whence lymphatic vessels 
pass out of the thyroid m company with the blood vessels and enter the deep 
cervical lymph nodes. 

Nerves.— The nerves of the thyroid are derived from the sympathetic system 
and are mostly unmyelinated. They accompany the arteries and form a delicate 
terminal plexus in the walls of the follicles. The finer fibrils of this plexus end 
in contact with the epithelium. Berkeley (1895) describes also occasional fibrils 
which apparently penetrated between the epithelial cells. 

Development. — The thyroid develops from tlnec primordia, a median and a pair of 
lateral outgrowths from the primitive pharynx. The median primordium sprouts from 
the floor of the pharynx at the level of the first pharyngeal pouches. Its site of origin is 
marked in the adult by the foramen cecum of the tongue. It forms the major portion 
of the definitive thyroid. The lateral primordia grow from the ventral border of the 
fourth pouches , they form variable small portions of the lateral lobes.*®* *' The pyramidal 
lobe represents the remnant of the embryonic thyroglossal duct, it vanes greatly in 
length in different individu.als ; it may even retain a partial lumen which may be filled 
with colloid, but it docs not open upon the surface. The original primordia consist of 
solid cords of cells; the cords subsequently acquire a lumen, and become broken up into 
lobules and follicles through the invasion of connective tissue According to Kingsbury 
(1935) tbe definitive thyroid arises exclusively from the median prlmordium. 

Function.— Removal of the thyroid is followed by serious symptoms and frequently 
fatal results, particularly in the case of the carnivora. Its internal secretion is necessary 
for normal metabolism, growth and development It governs the conditions favoring 
tissue oxidation (Crtle). The essential secretion is something apart from the colloid 
and iodine content of the gland. According to Cnle the active constituent, Ihyro-iodinc 
is iodine ( 65 per cent) m a special proteid combination Kendall has named the thyroid 

Weller, 1931 
Norris, 1937. 
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cells a character strikingly similar to that of the acitlophll cells of the anterior 
lobe of the hypophysis cerebri. He describes also large needle-shaped crystalloid 
bodies in the epithelial cells similar to those in the interstitial and Sertoli cells of 
the testis. In young dogs, from birth to the age of six months, there occur variable 
numbers of so-called “parafollicular cells/’ singly disposed or in small groups. 
They are of relatively large sue; they arise in the follicular epithelium, and later 
migrate into the interfollicular sikiccs, remaining close to the follicles. They luve 



Fig. 493 — Diagram or Pharynx of Homan Embryo, Showing the Origins of the 
Pbimordia of the Thymus, Thyroid and Parathyroids (Epithelial Bodies.) 

T/iy', earliest position of thyroid primordium; Thy-, secondary position of thyroid primor- 
dium; Tgd, thyroglossal duct; Fc, foramen cecum; LThy, lateral thyroid primordia; Plhy, 
parathyroid bodies; ^b, posthranchial body; T, tonsil; f, U, III, IV, V, pharyngeal pouches; 
a, b, first and second branchial grooves (gdl clefts) ; i, i, 3, first, second and third aortic 
arches in the cores of the branchial arches. The complete Trail of the pharynx is only shown 
at the right, above. (Adapted from Kohn ) 


a finely granular cytoplasm, oxyphilic in staining reaction. The fate of these cells 
is as yet unknown.’® They have been described also in the thyroids of rabbits and 
cats. The parafollicular cells contain variable amounts of argyrophilic granules. 
Nonidez disagrees -with the suggestion of Zechel tliat these cells function as a 
source of new follicles. He concludes that they are “either endowed with' secretory 
capacities or else they represent a t)rpe of cell which, after absorbing substances 
from the colloid, transfer them into the blood stream through the capillary walls.’’ 


18 Nonidez, 1932. 

19 Zechel, 1932 
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The epithelium rests upon a very delicate reticular basement membrane and 
is in close relation with the capillaries and lymphatic vessels of the intcrfollicular 
stroma. Colloid material, similar to that within the follicles, has been repeatedly 
found within the lymphatic vessels (Baber, Langendorf, Hurthle) and may be 
readily demonstrated m most sections of the thyroid. This does not, however, 
represent the entire internal secretion of the gland. 

Blood Supply.^ — The arteries form a rich plexus in and about the capsule of 
the thjroid, from which numerous branches penetrate the organ, lying in the 
connective tissue trabeculae betw een the lobules ; they* are distributed to all parts 
of the gland. They supply a rich intimate capillar)* ple.xus in the walls of the 
follicles. The epithelial cells of the follicles rest directly on the endothelial cells 
of the capillaries. The veins retrace the course of the arteries. The walls of the 
smaller venules consist only of endothelium, with a very thin coat of fibro-elastic 
connective tissue. 

Lymphatics. — The thyroid is verj* abundantly supplied with lymphatic vessels. 
These form a plexus of very broad lacunar capillaries in the intcrfollicular con- 
nective tissue, where they stand in intimate relation with the follicular epithelium 
and the blood capillary plexus. I'rotn this plexus vessels pass to the interlobular 
connective tissue, in wliich they form a second plexus, whence lymphatic vessels 
pass out of the thyroid in company with the blood vessels and enter the deep 
cervical lymph nodes. 

Nerves. — The nerves of the thyroid are derived from the sympathetic system 
and are mostly unmyelinated. They accompany the arteries and form a delicate 
terminal plexus in the walls of the follicles. The finer fibrils of this ple.xus end 
in contact with the epithelium. Berkeley {1895) describes also occasional fibrils 
which apparently penetrated between the epithelial cells. 

Development. — The thyroid develops from three primordia, a median and a pair of 
lateral outgrowths from the primitive pharj-nx. The median primordium sprouts from 
the floor of the pharynx at the level of the first pharj-ngcal pouches. Its site of origin is 
marked in tlie adult by the foramen cecum of the tongue. It forms the major portion 
of the definitive tiijroid The lateral primordia grow from the ventral border of the 
iourth pouches ; they form variable small portions of the lateral lobes The pyramidal 
lobe represents the remnant of the embryonic thyroglossal duct; it varies greatly in 
length m different induiduals; it may even retain a partial lumen which mav be filled 
%vtth colloid, but it does not open upon the surface. The original primordia consist of 
solid cords, of cells; the cords subsequently acquire a lumen, and become broken up into 
lobules and follicles through the invasion of connective tissue. According to Kingsbury 
(1935) the definitive thyroid arises exclusively from the median primordium. 

ranction.— Removal of the thyroid is followed by serious sjTnptoms and frequently 
fatal results, particularly in the case of the carnivora. Its internal secretion is necessar}* 
for normal metabolism, growth and development. It governs the conditions favoring 
tissue oxidation (Crile). The essential secretion is something apart from the colloid 
and iodine content of the gland. According to Cnle the active constituent, Ihyro-iodine 
is iodine (65 per cent) m a special proteid combination. Kendall has named the thvroid 


” Weller, 1931. 
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cells a claracter striVingly similar to tint o{ the acidophil cells of the anterior 
Sohe of the lijpophysis cetchri. He ilcscribes also large needle-shaped crystalloid 
bodies in the epithelial cells siraiiar (o (hose in the mlcrstitial anti Sertoli cells of 
the testis. In young dogs, from birth to tlw age of six months, there occur rariahle 
mimhers of so-called "parafoliicalar ceils," singly disixised or in sniall groups. 
They are of rcblivciy large size: they arise in tlic follicular cpilhcliom, and later 
migrate into the imcrfollKnlar siiaccs, remaining dose to the foUidcs. They have 



Fig. 493— Diagram of TiiAiiyNx op Homam Embryo, SiiowiKCinK Oricws of the 
pRiMORCiA OP THE Thymus, Thyroid ako PAitATtiYFoiDs {EJ’rTnELi,Ai. Bomes.) 

Thy^, carlitfsl posrljon ol thyroid primordium ; T'Ay**, secondary position of thyroid primisr- 
diwn, Tad, thjrofflossal diict, Fc, foramen cccbitt; ZThy, 2atera! thicoid pn’mordja; FtAy, 
paratiiyroid bodies, posibranchial body; T, tonsil; t, //, III, tV, V, pharyngea! pouches; 
a, b, first atvd second brandiiaf grooves (fiilJ clefts) ; X, g, j, first, second and third aortic 
arches in the cores of the branciiia) arches The complete wall of the pharynx is only shonii 
at the right, above (Adapted from Kohn ) 

a finely granular cytoplasm, oxyphilic in Staining reaction. The fate of tiiese celts 
IS as yet unknown Th^’ Jiave beeti described, also in the thyroids of rabbits and 
cats. The parafollicular cells contain variable amounts of argyrophihe granules. 
Nonidez disagrees with the suggestion of Zechel ** that these cells function as a 
source of new follicles. He concludes that they are "either endowed with secretory 
capacities or else they represent a type of cell whicli, after absorbing substances 
from the colloid, transfer them into tfe Uood stream through the capillary walls.” 


1 * Nomd«, 1932 
« Zechel, 1932 




PARATHYROID GLANDS SU 

with the tracheal or larjtigeal wall and may be found as high as the hyoid bone 
or as low as the border of the thymus. They also rary greatly in size and shape 
but usually are of ovoid form and about three to five millimeters in diameter. 
Their total weight is not over 5 grains. The superior pair was first described by 



Fig. 494. — From the Border of a Mass of Aberrant Thyroid Tissue of Man, Occurring 
IN THE Region of the Parathyroid Glands. 

Hematein and eosin. Photo. X204. 


Sandstrom in 1880. The inferior pair was discovered by Kohn in 1895. Para- 
thyroids have now been recognized in all classes of the vertebrates except fishes. 

Each parathjroid is invested by a thin capsule of dense connective tissue and 
consists of a mass of epithelial cells supported by a delicate fibrous reticulum. 
The epithelial cells are of two chief types, designated by Welsh ■* as the “principal” 
and the “oxyphil” or acidophil cells. 

The principal cells are ovoid or spheroidal elements, with a clear vesicular 
cytoplasm, a distinct cell membrane, and a large spherical nucleus, whose chromatin 


2* Welsh, 1898 
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hormone “thyroxin." He used 6550 poumb of fresh thyroid to obtain one ounce of 
tliyroxin. The belief that the thyroid has also an antitoxic role is based cJdefly on the 
observation that thyroidcctomizcd animals arc extremely liable to certain infections. 
Gudernatsch’s experiments witli frog tadpoles show that a thj-roid diet accelerates dif- 
ferentiation but inhibits growth: the tadpoles nictamorpliosed prematurely into diminu- 
tive frogs — a result tlie opposite of that obtained wlien thymus was fed An enlarge<l 
thyroid is commonly known as a goiter. Enlargement may be due to increase in the 
amount of tlic connective tissue or of the colloid parenchyma; one results in atrophy 
of the parenchyma and a condition of hyposecrction. associated with myxedema and in 
extreme cases in infants witli,cretinism — an apparently hereditary defect; and the other 
in hypersecretion, associated with exophthalmic goiter (Graves’ disease). In man and 
animals the thyroid shows a seasonal enlargement related to the sexual cycle. 

AcenssoRv OR Aberrant Thyroids 

These bodies, first described by Zitckcrk-andl (1879), are widely distributed 
through the connective tissue of the cervical region. They arc most frequently 
found in the course of the cmliryonic (hyroglossal duct and in the immediate 
vicinity of the lateral lobes of the thyroid. Tljcy present the appearance of em- 
bryonal remnants of thyroid tissue, but arc found in nearly all individuals. 

The colloid follicles of the aberrant thyroids arc usually small, though, in the 
larger specimens of these bodies, they may attain as great a size as those of the 
thyroid itself. The cell columns without colloid are more numerous than in the 
thyroid gland, giving to the-aberrant bodies a decidedly cellular appearance. Each 
aberrant mass Is usually inclosed by a very thin connective tissue capsule which 
sends delicate processes between the cell groups. The epithelial cells retain all the 
characteristics of those of the thyroid gland, and can be readily distinguished 
from the epithelium of the parathyroid glands with which the accessory thyroid 
bodies have been frequently confused. Accessory thyroids are also much less 
vascular than the parathyroids. 

PARATHYROID GLANDS 

The parathyroids, or epithelial bodies, are small glandular bodies of irregular 
distribution, usually found in relation \vith the posterior margin of the lateral 
lobes of the thyroid gland They arise as buds from the dorsal pockets of the 
third and fourth pharyngeal pouches. Typically four parathyroids are present, the 
superior pair (parathyroids IV) situated near the lateral, the inferior (parathyroids 
III) near the median margin of the lateral lobes of the thyroid. The inferior pair 
in the adult develops from the anterior pair of primordia, and frequently becomes 
embedded in the thyroid tissue. According to Heinl;ach -- their number varies from 
2 to 6; exactly 4 occur only in about 50 per cent of all individuals. Norris,®* in 
an examination of a large series of embryos and fetuses found no instance in 
which fewer than four parathyroids were present. They. may occur in relation - 


22 Heinbach, i933 
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Occasionally, epithelial cells surround a central lumen, in which are small 
masses of an acidophil substance which resembles colloid in its reactions. This 
colloidal material is less abundant in the human parathyroid than in that of the 
lower mammals. Likewise the cystic ducts, lined by columnar or ciliated columnar 
epithelium, which have been described by Kohn (189;-), though of frequent occur- 
rence in the lower mammals are rarely, if ever, found in the human parathyroid. 

The connective tissue of the gland is of variable quantity. It forms a thin 
but dense capsule; occasionally trabeculae extend inward and partially outline 
indistinct lobules: In many instances a hilus transmits the larger blood vessels 
by means of vascular trabeculae which radiate to all portions of the organ. A 
delicate fibrous or reticular stroma invests the individual cells, or the cell groups, 
when these are present Occasionally the cells are so closely packed that the stroma 
is scarcely demonstrable. 

The blood supply of the parathyroid is exceedingly rich Arteries enter from 
the capsule, or at the hilus, and rapidly break up into a plexus of broad capillary 
or sinusoidal vessels which follow the fibrous bands of the stroma and are in inti- 
mate relation with the epithelium. They are collected into thin-walled venules which 
retrace the course of the arteries. 

lunction. — The parathyroids are generally regarded as having a function essential 
to life. Extirpation in experimental animals, c.g., cat and dog, produces tetany which 
ends in death. The tetany is associated with a calcium deficiency in the blood. The hor- 
mone, parathomioite, is effective in restoring a normal calcium balance and terminating 
the tetany. Parathormone in its effect on calcium metabolism closely parallels that of 
vitamin D, Increased secretory activity produces a clinical condition of hyperparathy- 
roidism characterized by decalctficalion of bone resulting in fibrosa cystica. 

Since only one hormone has been demonstrated, and both principal and acidophil cells 
contain similar mitochondria and Golgi bodies, the apparently specific cells may only 
ha\e the significance of different functional phases. Reference should be made to a paper 
by Thompson and Collip, “The Parathyroid Glands” (.P/iysioIogicai Rcxiictus, 1932, 12) . 


THYMUS GLAND 

The thymus was formerly regarded as an organ of fetal and infantile life, and 
was believed to attain its maximum development during the second year of child- 
hood. After this time it was thought to become gradually replaced by adipose tissue 
Its retrograde metamorphosis reaching completion at about the age of puberty. 
However, Waldeyer (1890) showed that the thymus may persist even in advanced 
age as a body of considerable size, and apparently functional. The later studies 
of Haramar and others indicate that the thymus normally continues its develop- 
ment until about the time of puberty. Subsequently it loses slowly in weight, but 
a true atrophy of the parenchyma with cessation of function, apparently does not 
occur until about the age of fifty. 


Hammar, 1906. 




Fic. 495 — Parathvboid Tissue of Man. 

The predominating cells arc of the smaller {<nncipal type. At the left occurs a group of the 
larger acidophil variety. 

mingled irregularly, or the acidophil cells may occur in scattered groups which 
are interspersed among the more numerous principal cells. 

In certain instances the epithelial cells are arranged in small alveolar groups 
which are surrounded by a network of capillary vessels. This arrangement appears 
to be more frequent in young individuals. The cell groups in this type of gland 
frequently form branching columns. 


thymus gland 
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1;“ S“: 

”T,ch Ltio,.s a narrow column of .ncdullarj- lympho.d ..ssuc connects .. wuh 
"tS'tttIum. W,.l,in the narrow nreshcs of which are closely packed 

Lulla. The medulla of each lobule is also characterized by the presence of sev- 
eral groups of concentrically arranged 
epithelioid cells, the thymic corrttsdes 
(fO»fc;i/nV corl>usdcs of Hassall'). 

Each thjniic corpuscle consists of 
a large central cell or group of cells, 
which is surrounded by two to five 
layers of concentrically arranged flat 
epithelioid cells. These groups or cell 
nests are strongly acidophil in their 
staining reactions, and therefore stand 
out in marked contrast to the basophilic 
nuclei of the surrounding lymphoid 
tissue. A substance simulating the col- 
loid of the thyroid may be present 
among the cells Occasionally the cen- 
tral cells become keratized. Since no 
similar structure occurs elsewhere in . . / , , , u 1 

the body, the corcentric corpuscles are absolutely charactenst.c of the thymus lobule. 

The nature of the thtmic corpuscles is not satisfactorily understood Accord- 
ing to one hypothesis the)- represent blood vessels whose lumen has been obhterated 
by proliferation of its endothehal cells. Another theory regards them as rema.ns 
of the epithelial columns from which the organ arose in the embryo. They are also 
interpreted as masses of hypertrophied cells of the reticulum. 

The types of lymphoid corpuscle which are found in the thymus are similar 
to those of the lymph nodes, though polymorphonuclear leukocytes are rather 
more frequent here, and giant cells, mononuclear or milltinitclear In form, may be 
readily found in the medulla of this organ. Pappenheimer regards the specific 
cells of the thymus as epithelial in character, simulating, but not identical with, 
lymphocytes. 

Blood Supply.— The larger arteries of the thymus are distributed within the 
interlobular connective tissue. They supply branches to the lobule which penetrate 
to the medulla, where they form a plexus of sinusoidal capillaries with elongated 
meshes, and also distribute radiating capillaries to the cortical portion of the lobule. 
These sinusoidal vessels are highly charactenstic of the medulla of the thymus 
lobule. They unite to form venous radicles of considerable caliber, which leave 







Fig. 497— a Thvmic Corpuscle from the 
T iivMUS OF AN Infant. X66s 
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It is still uncertain whether the thymus should l)c classified with lymphoid 
organs or with endocrine glands. Recent investi^pitions increasingly indicate that 
it is essentially of lymphoid character but functions, in part at least, as an organ 
of internal secretion, related to normal growth and sexual development. 


htltrlobular Irabeevla 



Blood vftteh 


Fic 496.— A Section through Several Lorules of the TiiyMUS of a One-year-old Child 
(Hardesty.) 


At its maximum the thymus forms a large lymphoid mass, embedded in areolar 
connective tissue, the trabeculae of which divide the organ into several lobes and 
innumerable minute lobules. Each lobule is surrounded by a thin fibrous capsule, 
by which it is loosely united to its neighbors. 

The lobule consists of a mass of lymphoid tissue, which is dense at the periphery 
but looser in the central portion It is thus divisible into a dense cortex and a loose 
vicdulla, both composed essentially of lymphoid tissue, but between which, because 
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eighth in controls; the eyes opened on the second day instead of the fourth as normally; 
and the testes descended on the fourth day as against the thirty-fiftlt in controls. The 
maximal effect was obtained when both parents were treated; no effect follows from 
treatment of the fatlrer only. 


CAROTID GLAND 

This body was first carefully described by Luschka (1862) and, from its inti- 
mate relation to the blood vessels and nerves, is also known as the glomus caroticum 
or ganglion iutcrcaroticum. It is about the size of a rice grain. It consists of 
scattered masses of epithelioid cells, grouped in small spheroidal clumps or cell 



Fig. 498. — Carotid Gland of Han. 

A, artery; B, connective tissue; DK, aggregations of glandular (pheochrome) cells* 

W. nerve, T, vein X42. (Schaffer.) ’ 

balls, embedded in the connective tissue at the point of bifurcation of the common 
carotid artery. Kohn®- has described four types of the gland according to the 
density of its parenchyma — the typo found in man consists of scattered cell 
groups ; in the rabbit they are even more diffuse. The carotid gland of a cat consists 
of a single cell mass, while that of the ape is intermediate between that of the 
cat and man. 

The glandular elements are derived from embryonal ganglion cells from the 


s-Kohn, 1900. 
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the lobule to join the interlobular veins in the loose connective tissue between the 
lobules. 

Lymph vessels are of frequent occurrence in the interlobular connective tissue, 
and their branches occasionally i>cnctra(e (o the medulla of the lobule, but there 
is nothing corresponding to the lymph sinuses of lymph nodes. Small unmjelinated 
nerve trunks are also found in the interlohular connective tissue, but seem to be 
chiefly distributed to the walls of the larger blood vessels. 

Development and rnnetion. — ^Tlie thymtis arises as a pair of tubular outgrowths 
from the ventral aspect of the third pharj-ngcal pouch, wliicli subsequently become solid 
and fuse to form a median, flat, bilobcd org.in lying In the root of the neck and the upper 
portion of the thorax. According to certain investigators (Stolir, cl al.) the lymphoid 
cells of the definitive organ are derived from the entodermal cells of the initial primordia. 
The work of Maximow,®® however, seems to demonstrate that these cells are true 
lymphocytes and that they have their origin in the surrounding mesenchyvna, from the 
cells of which they difTerentiatc, and from which location they migrate into the thymus 
primordia — a conclusion confirmed by the more recent study of Badertscher.” The orlg-' 
mal lymphocytes are said to be of the large variety; these give rise through proliferation 
within the thymus to the smaller types. Among the invading leukocytes are also a small 
number of polymorphs, and occasionally many eosinophils. The original epithelial pri- 
mordia continue to grow for a time, and gradually l)Ccome differentiated into the definitive 
reticulum of the tliyinus. Hassall’s corpuscles are believed to represent nonreticular rem- 
nants of the original entodermal primordia. Acconling to Ifammar,” these concentric 
corpuscles are derived from hypertrophic entodennal reticular cells. They first appear 
early m fetal life, and continue to form and increase in size during infancy. They are 
interpreted by some as thymic elements of internal secretion. The thymus is commonly 
regarded as a hemopoietic organ, but its activity is limited to the formation of lympho- 
cytes and possibly a small number of granulocytes. Beard (1900) views ft as the original 
source of leukocytes. The proliferative foci are the cortical portions of the lobules; the 
medulla does not correspond to tlie germ centers of lymph nodules, but is probably an 
area of leukocyie dissolution The thymus does not seem to be an organ essential to life. 
Extirpation in dogs and guinea-pigs is not followed by death. However, some of the 
experimental evidence indicates a reciprocal functional relationship between the thyTnus 
and certain of the organs of internal secretion, especially the sex glands. This suggests a 
■secretory role; a conclusion supported by the results of Allen’s®® experiments in whidi 
thymus fed to frog tadpoles, delayed sexual maturity, and in the male cause degeneration 
of the testes. But it is also recorded®® tliat removal of the thymus in twcnty-five-day-old 
albino rats produced no significant changes in length of body and tail or in iveight of 
body, head, hypophysis, suprarenals, thyroid, testes and epididymides. Thymectomized 
animals between puberty and ninety-days were capable of inseminating normal females. 

By continuous treatment of successive generations of albino rats by intraperitoneal 
injections witli thymus extract Rowntree, et produced increasing acceleration of rate 
of growth and development. The precosity became pronounced in the third and later 
generations. Animals of the fifth generation weighed more than double normal between 
the third and twentieth day. In these rats the teetli erupted on the first day as against tlie 


26 Maximow, 1909- 
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ssHammar, 192I. 
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According to Stoerck,” the cells o£ the cocc>^eal body do not give the pheo- 
chrome reaction at any period of life. They are believed to bear no genetic 
relation to the sympathetic nervous system. Schumacher regards the epithelioid 
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Fig. 499— CoccYCEAt. Gland of Man, Showing Cords of Glandular Cfxls. 

B, connective tissue; F, fat cell; L. blood vessel in longitudinal section; Q, blood vessel in 
cross section; T, cell cord; V, vein. Xno (Schaffer.) 


cells as a transformation of the smooth muscle cells of the arterial vessels; others 
interpret them as modified endothelial cells of the blood vessels. 


PAKAGANGLIA 

The so-called chromaffin system includes besides the medulla of the supra- 
renal and the carotid gland, other larger and smaller groups of chromaffin cells 
(pheochrome organs) derived from embryonal sympathetic neurons and scattered 
along the entire sympathetic nervous system, the paraganglia. They are therefore 
present in many organs which receive a considerable sympathetic innervation, e.g., 
kidney, liver, uterus, testis, etc. Chromaffin tissue composed of widely scattered 
cells occurs also in the sympathetic trunks, particularly the various plexuses, among 
the definite neurons of this system. 

The largest paraganglia (organs of Zuckerkandl) occur in close relation to the 
inferior mesenteric artery, one on cither side. Other smaller groups are found in 
relation to the abdominal aorta. Busachi has described chromaffin tissue in the 
human heart; and Thulin ” reports a paraganglion in the striped muscle of the. 
upper portion of the esophagus of man. In typical paraganglia the polygonal cells 
are arranged in irregular cords which form a fine-meshed network, the areolae of 


Stoerck, 1906. 
Busachi, 1912 
Thulin, 1914. 
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ninth and tenth cranial nerves and from the cervical sympathetic trunk. They are 
ovoid cells with finely granular cytoplasm and a spheroidal, somewhat vesicular 
nucleus. Some of them may contain chromalTin granules. Rccaiise of its genetic 
relationship and histologic similarity to a sympathetic ganglion, Kohn proposes 
the name, paraganglion carolicum. Its function is apparently similar to that of 
the other organs of the chromaffin system, and probably chiefly dependent upon the 
presence of adrenalin. 

The carotid gland is richly supplied with capillary blood vessels and small 
unmyelinated nerve trunks. The capillaries arc in intimate relation with the glandular 
epithelium. The nerve fibers arc supplied by the glossojiliaryngcu-s ; they terminate 
in intimate relation with the parenchymal cells. The carotid gland lias anatomic 
connection with the carotid plexus in the adventitia of the carotid sinus, a dilatation 
at the point of origin of the internal carotid artery. The fibers of this plexus meet 
in a small nerve (of Hering) which connects with the glossopharyngeal and vagus 
nerves. The sinus is sensitive to mechanical and chemical stimuli. 

Later investigators have cast dottht upon the endocrine nature of the carotid 
body. The number of chromaffin cells varies in different species; they may be 
lacking entirely. The stroma Is derived from the mesenchyme of the third branchial 
arch. In the calf and the rat the parenchyma has origin from both the cervical ’ 
sympathetic and the cranial sympathetic, represented by the ninth and tenth cranial 
nerves respectively.*’ The histogenesis of the carotid body of man is essentially 
identical except that, in the opinion of Boyd,** “mesodermal cells persist to form 
a considerable portion of the essential cells in the adult structure.” Boyd thinks 
that the absence of a true chromaffin reaction in the essential cells of the carotid 
bodies of many mammals (man, rabbit, dog, cat. rat, horse) and the presence of 
only occasional chromaffin cells in the carotid bodies of the ungulates indicates 
“that the function of the carotid body will not be found in the secretion of 
adrenalin.” 


COCCYGEAL GLAND 

This small body — 2.5 millimeters in diameter (Eberth) — was discovered by 
Luschka in i860. Its structure closely resembles that of the carotid gland. It usually 
consists of several minute groups of epithelioid cells which are in relation with the 
terminal branches of the middle sacral artery. It is richly supplied with broad 
capillaries or sinusoids and hence is also known as the glomus coccygeum. 

The parenchymal cells of the organ are ovoid elements which are closely packed 
about the walls of the blood vessels in groups or short columns inclosed by delicate 
sheaths of connective tissue. The origin and function of these cells are unknown. 
No chromaffin cells have yet been certainly demonstrated. The organ is embedded 
in the dense connective tissue at the tip of the coccyx. Its general structure only 
suggests an internal secretory function. 


S 3 Smith, 1924- 
8 «Boyd, 1937. 
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about 5 millimeters in length immediately behind the vomer. This is frequently the 
initial seat of tumors. 

Histologic Structure.— The hypoph)-sis is usually described as consisting of 
three portions; (i) the anterior lobe or glandular portion; (2) the mtermediate 
portion or boundary zone ; and (3) the posterior lobe, or nervous portion (neuro- 
hypophysis) . The more critical investigations of Tdney.” including careful recon- 
structions of a number of mammalian hypophyses, show that this description is 
incomplete. The form, e.xtent, relation and genetic significance of the pars intennedia 
had apparently hitherto not been fully appreciated, though Herring (1908) had 



Fig. 501. — Sagittal View of a Wax Rfcokstructiom of the Hypophysis Cerebri of the 
Adult Cat. 

/, third ventricle; pa and b, cmincntia saccularis; 6. area prcmammillaris, corpora mam- 
niillaria, 12, pars tubcralis, 8, recessus infundtbuli, 10, infundibulum, /j, pars inftitidibularis; 

16, recessus piocessi mfundibuli ; n, processus mfundibuli ; 15, lumen rcsiduale , 14, pars dtslaUs; 

17, recessus tuberis, optic chiasm (Tilney.) 


already called attention to the fact that it comprised two histologically difTcrent 
areas. Tilney divides the hypophysis into /‘urj ncuralis (pars nervosa), and pars 
biiccalts. The pars ncuralis consists of three distinct elements: (i) the emmeutia 
saccularis of the tuber ciucretim; (2) the infundibulum; and (3) the infundibular 
process. The pars buccalis consists of two elements: (i) the pars juxta-ncuralis 
m close relation with and investing the neural portion; and (2) the pars disfalis. 
A deft, the residual lumen (intraglandular cleft), remnant of the original cavity 
in the buccal diverticulum, appears between the two Further analysis of the juxta- 
neural portion of the gland reveals two Wstologically different parts: (i) the pars 


Tilney, 1913 



522 


THE DUCTLESS GLANDS, ENDOCRINE GLANDS 

which are occupied hy sinusoidal blood vessels, upon which the cells rest directly 
without the intervention of a liasement membrane. The spherical nucleus is poor 
in chromatin; the reticular cytoplasm contains the pheochrome granules. The in- 
terna! secretion of the paraganglia depends upon the adrenalin content of the 
granules. Adrenalin produces a contraction of involuntary muscle. Its function 
appears to be to maintain the proper tonus of the blood vessels. 


HYPOPHYSIS CEREBRI {PlluUary Body) 

The hypophysis is a gland of comixjsite structure, arising from the assodation 
of two originally distinct primordia; one taking origin as a median dorsal diver- 
ticulum (Rathke’s pouch) from the primitive mouth, the other as a medial ventral 
evagination from the second cerebral vesicle (third ventricle) or diencephalon. 

Both components arc thus ectodermal. 
The cerebral flask-shaped element in- 
vaginates tlie buccal element and modi- 
fies the original bulbar shape of the 
latter into that of a cup. The buccal con- 
nection disappears, while the cerebral 
connection persists as the infundibular 
stalk of the definitive structure. 

The hypophysis is present as an es- 
sentially similar organ in all craniates. 
In man it measures about 12 millimeters 
in the transverse, about 7 millimeters in 
the sagittal, and about 5 millimeters in 
the vertical diameter. It has an inverted 
mushroom shape, the stalk or infun- 
dibuluvf, a hollow funnel-shaped struc- 
ture lined with ependyma, attaching it 
to the brain, while its head is lodged in 
the sella turcica of the sphenoid bone. 
It weighs about one-sixteenth of an 
ounce. The hypophysis was known to 
the early anatomists as the pituitary gland (Vesalius, 1543), and was supposed to 
function as an excretory organ in the elimination of mucus (pituita) from the brain 
by way of the nose. The term pituitary gland is now generally applied only to the 
larger anterior component or epithelial lobe, the posterior component or neural lobe 
■ is designated the infundibular process; the term hypophysis is applied to the asso- 
ciated elements. But hypophysis and pituitary body are still often used synonymously. 
The neural and glandular tissues are said to be connected with each otlier by means 
of nerve fibers, probably sympathetic, connective tissue, and blood vessels Certain 
investigators have described accessory pituitary bodies. Thus Haberfeld (1909) 
finds in man at all ages a “pharyngeal pituitary,” a solid cord of neutrophilic cells 



Fig. 500 — Median Section through the Pri- 

MORDIA OF THE HyPOPHYSIS CeHEBRI OF A 

10 Millimeter Cat Embryo (Bonnet.) 

Di, diencephafon ; Afe, metenccphalon; Af, 
mouth; R, Rathhe’a pouch (pituitary piimoT- 
dium) ; I, infundibulum. X50 
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Pars Bitccalis {Pars Claudtilans ). — Pars Juxtakeuralis. — Pars Tuberalis. — 
The pars tuberalis consists of cell cords connected into a continuous network. In 
many animals it contains numerous alveoli, follicles or acini, enclosing colloid. In 
man alveoli appear first in the fifth month after birth. Guizzetti desenbes three 




Fic. 503 


Fig. 502.— Pars Tubfraus, Hvroriivsis or Cat. (Tilney.) 
Fig. 503— Pars I.NFUNOitUL.\Ris, Hypophysis of Cat. (Tilney.) 


types of cells in the pars tuberalis of man: (n) prcilominating chromophobes; 
(&) basophils; (c) pavement cells. The chromophobes show tyiiical mitocliondria 
and a Golgi apparatus. The blood vessels are large and thin walled and drain 
through “portal" veins into the sinuses of the pars distalis. 

Extracts of the pars tuberalis arc said to pro- 
duce diuresis. Atwell’s latest studies of this 
constituent of the hypophysis lead him to con- 
clude that it still remains an enigma ; "whether it 
possesses a definite function or is merely a rudi- 
mentary structure cannot jet lie stated with 
certainty." 

Pars Infundibularis. — Here the cells are ar- 
ranged in a dense stratum several layers deep. 

Occasional acini (cysts) occur, but they are 
srnaller than in the pars tuberalis and are lined 
With only a single layer of low culx>idal cells. 

These cells, contain large vesicular centric nuclei 
surrounded by a considerable layer of faintly 
basopbilic granular cytopla.sm. Blood vessels are 
very meager and thin-walled. 

Pars Distalis {A,ilerwr Pilmlary).— This portion is siirroiindetl by a robust 
tibrous capsule continuous posteriorly with a thinner investment for the neural 
loh^ebeate trabeculae traverse the parenchyma and support the verv 

Guizzetti, 1925. ^ ~ — 

Atwell, 1936. 
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Fig S04.— Pars Distalis, Hypo- 
riiYSis OF Cat. (Tilney.) 
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uifvmlibiilaris completely investing the hifundibultim and the utfmtdibular process, 
and (2) the pars Uihcralis, which surrounds the cmhtcntia saccularts. 

The following outline presents this analysis in resume: 

HYPOPHYSIS CEREBRI 

I. Pars Ncuralis; (Posterior lol)c, Ncurohypophysis) 

1. Eminentia Sacadaris (Median eminence) 

2. Infundibulum 

3. Processus infundihuli 

11 . Pars Buccalis sen Glandularis: 

1. Pars juxtaneuralis (Intermediate portion) 

(a) Pars tuhcralis 

(ft) Pars infundilmlaris 

2. Pars distalis (Anterior lobe, Adenohypophysis) 

The pars infundilmlaris makes its appearance almost immediately after the 
anlage of the buccal portion of the hypophysis is formed. The pars tuberalis arises 
as a relatively late structure. It has its origin in two secondary diverticula or sprouts 
from the body of the pituitary sac (buccal cvagination). These sprouts, the lateral 
processes, ultimately fuse with each other across the median line, displace the 
body of the pituitary sac ventrad and thus secondarily assume their juxtaneural 
position. The juxtaneural portion of the h>'pophysis is intimately connected uith 
the neural portion by means of nerve fibers, blood-vessels and connective tissue 
processes. Attempted separation consequently necessarily includes laceration of 
neural elements. 

Accordingly, complete removal of the pars buccalis would seem to be impossible 
without the attendant removal of portions of the pars neuraJis. This must be taken 
into account in interpreting s>'mptoms following removal of the anterior lobe of 
the hypophysis. 

Pars Neiiralis, lufundibitluui. — This consists of fusiform and multipolar neu- 
roglia cells and fibers. A substance resembling colloid is also occasionally present. 
Small nerve cells have been reported, but their presence seems doubtful. The glia 
cells generally have a single nucleus, but two or more may appear. The protoplasm 
is finely granular, and occasionally contains pigment granules, which seem to be 
more abundant in aged specimens. Delicate and coarse glia fibers extend through 
the protoplasmic portions of the cells, frequently terminating the cell processes 
(Fig. 505). The larger highly branched neuroglia cells with cytoplasmic granules 
are presumably specialired cells (“pituicytes”) for the elaboration of the hormone, 
pituitnh. 

Gersh®’ recognizes specific cells in the neurohypophysis to which he ascribes 
the production and secretion of an antidiurettc substance. These glandular cells he 
discriminates from neuroglia cells else^vhere in the nervous system by their char- 
acteristic cytoplasmic content of lipoid granules and spherules. 


ssGersh, 1939. 
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topographical segregation and more probably designates an actual functional divi- 
sion. True chromophobes, cells which stain only faintly and with difficulty in either 
acid or basic djes — and probably functional phases of acidophil and basophil cells 
—appear first only in the higher sauropsids (Tillies') The nuclei of the several 
cell types are large and deeply staining. Tlic cells in great part rest directly upon 
the endothelial walls of the capillaries. The blood vessels are said to contain colloid. 



Fig 506 — Pars Distaus or the Hypopuysis of a Pig. 


e, alpha cell, b, beta cells; c, chromophobe cell. Safraniiic-acid violet stain. (Maurer and 
Lewis.) 

Rasmussen^* Rives the average proportion of the three chief varieties of cells in the 
pars distahs of the normal adult htiman male as: chromophobes (neutrophils), 52 per 
cent; acidophils, 37 per cent; basophils, 11 per cent. Women are said to have a distinctly 
higher proportion of acidophils (43 per cent) than men, and a lower percentage of 
chromophobes (49 per cent) and of basophils (7 per cent).*® An increase of basophils in 
dementia praecox (17 per cent) and other forms of psychosis (j8 per cent) li.is been 
reported.** During pregnancy there occurs a marked secretory activation of both basophils 
and acidophils and there appears a characteristic cell with fine acidophilic granules, the 
“pregnancy cells” of Erdheim Castration causes an increase in the number of basophils 
and the appearance of a specific type, the so-called "castration cells”. These are enlarged 
basophils with a globule of clear colloid-like substance, giving the cells the semblance of 
a Signet-ring. 

Rasmussen, 1929; Rasmussen, 1933; ** McCartney, 1929 




'*rfS , ' . • •• 4 * .' • V •• i i' ^ • “i '. ' 

■jv Jr- >■ .•>.-f;'::3. ■■’■' :. ' -: .■ '.-.r 


Fic. 505 — Section or Ilvpopmsis Cfrebri of Doc, Showing Portions of Pars Distalis 
(D) OF Buccal Lobe, Rfsidoal Lumen (R), Pars Juxtaneuralis (Pars Intermedia), 
(7) AND Pars Neufalis {N}. 

Note the abundant large blood sinuses in the glandular or buccal portion, and the tubules m 
the pars tuberalis (referring to the portion next tlie tuber cmercum). The pars neuralis is 
largely of neurogliar composition. 


cells). The axial cells are smaller; their cytoplasm contains neutrophilic granules. 
These are the chief, or chromophobe cells. The so-called chromophils and chromo- 
phobes of the earlier terminology, which was based simply upon a difference 
in the degree of tingibility, probably represent merely different functional phases 
of the same cell type. The classification of the cells as acidophils and basophils, 
distinction based upon a more precise microchemical difference, accords with a 
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In the hypophysis of the ox, Wulzen has described a cone-shaped structwre in 
connection with the pars intermedia projecting medially into the residual lumen 
and resembling in cellular constitution the pars glandularis but differing in having 
finer connective tissue septa and smaller acini. 


raacUon.— The hypophysis cerebri is essential to health and normal growth. It is 
the “master glancV’ of the endocrine system. At least eleven different hormones are 
attributed to this gland: seven to the pars distalis, two to the pars nervosa, one to the pars 
intermedia, and one to tlJc pars tubcralis. The specific cells responsible for these hor- 
mones liave not yet been definitely identified. Tlic l»est known of the hormones of the 
anterior lobe is tethelin. the growth hormone Tins hormone is believed to be elaborated 
by the neutrophilic cells of the pars distaVis. Hypersecretion (hyperpituitarism) of the 
growth hormone produces the p.alhologic conditions of acromegaly and gigantism; 
deficient secretion (hypopituitarism) inhibits complete development of the skeleton and 
results in dwarnsm and infantilism. It has liecn repeatedly shown that adminis- 

tration of anterior lobe substance to frog tadpoles accelerates growth and metamorphosis 
Evanses produced gigantism in rats by similar means. He injected anterior hypophyseal 
substance intraperitoneally over a period o' xtj days The e.'cpenment.al animal weighed 
at the end of that time 596 grams, the healthy Inter mate control weiglied only 248 
grams 

The six additional secretory products of the pars distaVis are the sex (gonad stimu- 
lating or goiiadolropic) hormone (gonadokinin) ; the milk (lactogenic, mantmolropic) 
hormone; the adrcnotropic liormone. which stimulates tlie secretory function of the 
suprarenal cortex; the thyrcolropic hormone, which controls the action of the thyroid 
gland, the so-called diabetogenic hormone, which appears to be antagonistic to insulin; 
and the hematopoietic hormone, which controls the blood-forming function of the hone 
marrow. Of the three recognued varieties of cells (neulrophih, eosinophils and baso- 
phils) of the pars disialis, one or several must be responsible for more than one hormone, 
Gonadokinin is beheved to be produced by the basophil. According to Gerliart** the sex 
hormone (hehm) \% itself a mixture of two antagonistic hormones in the female, prolan 
A and prolan B. Prolan A is the foUtcle stimulating hormone, causing maturation of tlie 
ovarian follicles, stimulating ovulation and inducing the secretion of folhcnlm Prolan 
H is. (wtcwwiws^ isoxtwftwt , xiVwvdx \V«. wf. vnvc) w 

corpus lutcum with the production of lutein. In the male the gonadotropic hormone stimu- 
lates the testis, both as regards spermatogenesis and the function of the interstitial cells 

Flaks, et al ascribe to the hypophysis also a myelotropic or hematopoietic hormone 
which acts directly on bone m.arrow. Prolonged oral administration of the anterior lobe 
of the hypophysis is said to produce m rats an increase in the number of reticulocytes, 
increase in the total ted cell count and conversion o£ gray into red marrow. 

Injection of extract of the posterior lobe (pituitnn) into the blood vessels produces 
a rise of blood pressure accompanied by diuresis, believed to be due to a stimulation of 
the smooth musculature of the blood vessels. In its effect upon smooth muscle, particularly 
of the uterus, which it stimulates to sharp and prolonged contraction, it resembles very 
closely the secretion of the medulla of the suprarenal gland (adremiljn). Piterftrin is 
now extensively us«l in practical medicine and especially in obstetrics Pituitrin causes 
contraction of smooth muscle supplied by parasympathetic nerves (coliuergic fibers') • 
adrenalin causes contraction of smooth muscle supplied by sympathetic nerves (adrcnereic 
fibers) " 


AU«n, IU20 , UWeuhuth. 1923 , 
Flaks, Himmel and Zlotrik, 1937. 


1933 '. «’&ans, ,93,; »< Cerliari, 1032 , 
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Comparative histologic studies indicate that the pituitary gland has a twofold 
activity, one part dependent upon the basophils, the other ufran the acidophils. 
The residual lumen is lined only with basophils, and occasionally contains colloid 
Comparative morphology indicates tlwt the neural portion may represent an orig- 
inal special sense organ. It has been suggested by Tilncy^® that the basophils con- 
tribute their secretion by way of the residual lumen and tbe infundibular process 
to the cerebrospinal fluid, and the acidophils directly through the blood spaces. 

Blood Supply, — ^The pars distalis receives from eighteen to twenty small 
arteries which converge to it from the circle of Willis. The blood channels within 
the lobe arc sinusoidal in character and drain into a venous circle overlying the 
circle of Willis. The circulation has been studied in greater detail in dogd* cat” 
and monkey. It is closely similar in the hypophysis of man. The blood supply of 
the hypophysis is independent from that of the brain proper, except for a few 
capillary anastomoses. The arteries comprise two groups, the superior and inferior 
hypophyseal arteries, branches of the internal carotids and the circle of WilHs. 
The superior arteries (arterioles) send branches to the stalk and anterior lobe, and 
contribute a branch to the infundibular process. The inferior arteries supply the 
process and the pars intermedia exclusively, but connect through capillary branches 
with the vessels of the stalk and anterior lobe. Portal venules arising from plexuses 
of the pars tuberahs and infundibular stalk connect with sinusoids in the anterior 
lobe, which drain through venules into tbe adjacent dural cavernous sinuses. 
Venules from the periphery of the pars tubcralis drain into basilar pial veins, 

Nerve Supply. — ^The nerve supply to the hypophysis in the dog is, according 
to Dandy,” derived from the carotid plexus of the sympathetic system, which 
connects with the oculomotor and optic nerves. The innervation of the anterior 
lobe is described as abundant, that of the posterior lobe as very scanty. The fibers 
are thought to be secretory in character. The posterior lobe in man receives a rich 
supply of unmyelinated fibers from the nerve centers of the tuber cinereum. 

Dandy described also a small spherical body which he names parahypophysis 
in connection with the under central surface of the hypophysis, resting in a de- 
pression in the floor of the sella turcica. This was found in over 8o per cent of 
dogs examined. It is interpreted as a remnant of the embryonic Rathke’s pouch. 
It is said to vary greatly in size and histological character, occasionally extending 
to the “pars intermedia,” and to have an individual blood supply and possibly also 
a nerve supply. A parahypophysis has not yet been reported for man. 

Certain investigators have described ciliated columnar cells in the epithelium 
lining the residual lumen ; also patches of branched tubular glands, especially com- 
mon in young children, projecting from the pars juxtaneuralis into the posterior 
lobe.^® ^ 


*»Tilney, 1911 
*8 Dandy and Goetsch, 1911. 
Wislocki, 1937- 

48 Dandy, 1913 

49 Rasmussen, 1929- ' 
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Fra soa— -AsaK r?c^t 9irui. E-'t.t '>» /, B'.?, 

Shows th« stellate neuroglia c«tU ( f.brcui aiTccTi**^ ? •vr'.'. '^rCry «par.-rir,''.t in 
the interlohalar tissue ubo%e) and m the advertitia •.•. a *W/i at f After 

del Rio Hortega.) Hortega. regards these parerxhjrsat-.^it cCi at cr^rue: i'.r tf« fz/fy 




Fig. sto— .PnoTOMicsocRApn or Pisipher-m, REcior? of Pineal Body or a YEAULtNc Sheep 
TO Snow THE Character or the Parenchyma, the NrtrRocuA Cells and Fibers and 
THE IntESXEUSOCUA CeLLS. ' 
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The intermediate portion yields a substance which stimulates uterine contractions, 
but of relatively slight degree, and the secretion of milk. 

The work of Biigbcc and Kamm“ has gixen a more precise analysis of the functions 
of the posterior lobe. It reveals that this lobe contains two distinct active principles; an 
oxytocic principle {alplia-liypopbominc, oxyloch, pilocut) which causes contractions of 
the Uterus, and a pressor principle (beta-hypophaminc, vasopressin, pilressin) which 
stimulates peristalsis in the gastro-mtestinal tract and afTccls the muscle of the renal 
blood vessels. Pitressln also has an autiiliuretic elYcct, 


EPIPHYSIS CEREBRI 
(^Pineal Body) 

The epiphysis (pineal body, pineal gland or coiiarium) may be regarded pro- 
visionally as an endocrine gland. Its glandular function may be of importance 
only during late fetal and infantile (or prepubertal) life, when it may control 






Fig. 507. — Semidiacrammatic REPRESENtATiOM or a Median Longitudinal Section 
TIIROUCU THE EpipnVSIS OF A I7 CENTIMETER SUEEP FeTUS. 

Fig. S08. — Cells from tue Pineal Bonv of an ii Centimeter Sheep Fetus. 
a, two neuroglia and one interneuroglia cell; b, various forms and sizes of intracellular 
melanic granules. X1500. 


normal growth The mammalian epiphysis has been known to anatomists as a 
probable gland since the time of Galen (200). It has excited interest and been 
the subject of much speculation for centuries. Descartes (1649) regarded it as the 
seat of the “soul.” Notwithstanding much study, it is still but imperfectly under- 
stood, and even its histological makeup is to some extent in dispute. 

Histologic Stmeture. — ^The epiphysis cerebri is divided imperfectly into lobes 
by trabeculae of fibro-elastic connective tissue provided by the pia mater capsule. 


ssBugbee and Kamm, 1928. 



epiphysis cerebri • 533 

cells are characterized by pigment granules. In aged specimens the pigment is for 
the most part present in the shape ol extracellular clumps, also in these stages 
the connective tissue is relatively much more abundant, and the interneurogha 
cells are rare. The interneuroglia cells are probably less highly differentiated 
neuroglia cells, both types originally arising trom ependyma. The interneuroglia 
cells also contain granules and vacuoles of a lipoid nature, perhaps degenerative 



Fig. 513— Section of Pincal Body of ax Old Sheef. Showing “Brain Sand’’ (Acervulus) 
ttJ tllE Parescuyua. 

m significance; no pheochrome granules are demonstrable. Involution begins abou'- 
the age oi seven years in man and ends aboul the age oi puberty, though regressive 
Histological chanps proceed throughout life. Adult corpora pinealia present very 
variable histologic pictures. 

In older specimens large lamellated masses of 6rcin sand {accnmhis ccrchrt, 
appear, consisting chiefly o{ calcium carbonate and magnesium phosphate. These 
specimens are also characterized by large edematous areas. The interneuroglia 
cells have been variously designated as pineal cells, epithelial cells, lymphoid cellt 
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These support the larger blood vessels. The finer trabeculae shade into the 
fundamental reticular tissue which supports the parenchyma and the capillaries. 
The larger vessels arc surrounded by considerable spaces, perhaps lymplaatics. 
The parenchyma is aggregated into uncertain follicular masses and consists of 
two distinct types of cells: neuroglia and intcnicuroglia (secretory cells?). The 



FlC 51I.— Two NnUROGLIA AKU TiIRLE IVTFRXfUnOCnA CfUS THOM THE PlXEAL BODY OF A 
Laud. Xisoo. 



Fic 512 — Cells from Pineal or Ylarlinc Sheep. 

A, neuroglia cell and fibers; B, interneurogtia «U witli mctanic pigment granules. Xisoo 

abundant neuroglia fibers appear to blend intimately with tlie connective tissue 
framework of the structure. The infemeuroglia cells are oval and polygonal, with 
a vesicular nucleus, and apparently lack a cell membrane. The neuroglia cells 
are fusiform or stellate, with denser, more deeply staining nuclei, and glia fibers 
in the cytoplasm. Transition forms are abundant In young sheep both types of 
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Tonction. — Injection of pineal extract of sheep into the blood of certain mammals 
produces only very slight effects. Tliese, however, are fairly uniform, but very transient. 
The most conspicuous effect is a slight fall of blood pressure. There is also a slight 
improvement in the beat of the isolated cat’s heart, a transient diuretic effect in the 
rabbit and a slight irregular respiratory effect in dog, cat and slveep These results are. 
to some extent, the reverse of those obtained tvith extracts of the hypophysis, and sug- 
gest a compensatory or antagonistic regulatory functional relationship. Extirpation 
experiments have not yet yielded perfectly satisfactory results. The evidence, however, 
indicates a functional role which is negligible or nil. Oinical evidence combined with 
autopsy findings indicate symptom complexes associated with pineal tumors or other 
structural alterations in general like, but of reverse relationship, to those present in the 
case of hypophyseal alteration; ic.,thc symptoms of hypopinealism are in general those 
associated with hyperpituitarism, and those of hyperpinealism like those accompanying 
hj'popittiitarism. The symptoms associated with morbid conditions of the pineal may 
possibly be the inherent result of pressure (or undue relaxation) upon the hypophysis 
transmitted througlv the third ventricle with which both pineal and Iiypophysis are 
connected Certain .symptoms may also be due to a blocking of the aqueduct, and to 
pressure upon the corpora quadngemina. A conservative estimate of all the evidence 
indicates very meager, if any functional activity, probably never essential to life. The 
practical absence of the pineal body m the opossum adds further support to this conclu- 
sion . as also Its occasional disappearance, except for a mere shell, in apparently normal 
cats. Biedl (1910), however, arrives at the conclusion that the pineal body is an organ 
of internal secretion with metabolic significance limited to l!ie young. Its general histo* 
logical structure, and profuse vascularity, certainly suggest a glandular function. On the 
basis of feeding experiments with bullocks’ pineals on certain laboratory animals and men- 
tally defective children, Dana and Berkeley** venture to suggest a relationship of pineal 
function in the young to bodily nutrition, including the development of the genital 
organs, tiie deposit of subcutaneous fat, general growth and mental progress. Removal 
of the pineal m chickens of from twenty-five to forty-two days produced premature 
development of both primary and secondary sex characters in both cock and hen.*® The 
pineal is a common seat of cysts and tumors, frequently gliomata. 

Complete removal of the pineal body in the rat between the ages of one to three days 
produced no effect on the rate of growth, age of puberty or the weight of the hypophysis 
rerebri, thyroid, suprarenals or thymus in either sex, nor did it affect the weight of the 
testes in the male, nor the occurrence of normal estrus cycles in the female 

By intraperitoneal injections of pineal extract tlirough successive generations Rowm- 
tree, ct al produced in albino rats specific biologic effects in the third to the fifth 
generations. The growth rate was retarded by approximately one-half but the rate of 
differentiation was accelerated and the onset of adolescence was hastened. Tlie accruing 
retardation of growtli and accruing acceleration m gonadal and bodily development pro- 
duced a condition of "precocious dwarfism” as the outstanding result of these experiments 


Jordan and Eyster, 191 1 
®* Dana and Berkeley, 1913. 

®®l2av,a, 1933 
Andersen and Wolfe, 1934 
Rovvntree, Clark, Steinberg and Hanson, 1936. 
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and secretory cells. Certain workers claim to have distinguished, in certain mam- 
mals, two types of cells, basophils and acidophils. Occasional smooth and striped 
muscle fibers have also been described in a few forms {e.g., ox). No nerve cells 
are demonstrable. Sympathetic accompany the blood vessels; and a few 

bf the myelinated type are found near the attached portion, probably taking origin 
from the habenular and posterior commissures. The blood supply is profuse. It 
takes origin from the pial vessels which arc in union with the blood vessels of 
the tela choroidea anteriorly. The vessels follow the ramifications of the pial 
septa. In the sheep the capillaries frequently terminate in the form of tangled 
loops or ‘glomeruli ’ within spaces surrounded by more compact parenchyma 
(follicles). Cross-sections of the coarser trabeculae show a pair of vascular comites. 

Development. — The epiphy.sis cerebri .arises .as an ependymal diverticulum from the 
roof of the diencephalon. Tlie ap{c.al cells proliferate and undergo differentiation into 
neuroglia and interneurogUa cells. The Latter may perhaps assume secretory activities, 
but no convincing cytological evidence appears indicative of such function apart from 
numerous melanic granules--\\i\ich. however, arc present in all of the cells in early stages 
of development — and certain lipoid gnanutes and spherules. In the sheep numerous 
cysts, lined by tall columnar (ependymal) cells appear at half term (21 centimeter 
stage). The cysts contain .a coagulum. The cysts progressively dis.appear, apparently 
tlirough pressure from proliferating cells without, only a few persisting to birth and 
occasionally after. In the sheep tlie cysts arise througli accumulations of fluid, compelling 
a cellular arrangement simulating acini, not .as tubuLar outgrowths from the original 
lumen, ns is app.arently the c.ase in birds. Both melanic granules and alveoli (cysts) are 
more probably to be interpreted as of ancestral significance. As far as is known an 
epiphysis is present in all vertebrates, with the exception of Myxmoldcs and Crocoddla. 
No trace of an epiphysis is said to appear even in embryos of CrocodiUa. The pUical 
eye of certain reptiles is commonly regarded as the lioniologue of the pineal body of 
mammals. However, in the lower groups of animals the true homologue is generally a 
double structure, tlie pineal eye developing terminally on a secondary anterior evagination. 
the parapineal, from the base of the primary one. Tliis secondary process is not developed 
in mammals In Hatteria (a New Zealand “Iiz.ird”) the pineal eye comes to the surface 
in the middle of the head, and consists of an optic cup with a lens covered by trans- 
parent epidermal scales, forming a cornea. It is believed to function only as a light or 
warmth perceptive organ An additional structure, tlie /»ara/>/iyjiJ, found in certain lower 
forms and m the marsupialia, anterior to the pineal body, and arising similarly as an 
ependymal evagination, is commonly regarded as a cliorold plexus, evaginated instead of 
being invagmated, as is usually the case in mammals. In sheep the pineal undergoes its 
greatest development during the first year of life, approximately fivefold. 

The pineal body is attached to the posterior portion of the roof of the third ventricle 
by means of the pineal stalk. This contains the pineal recess, a cavity continuous with 
the ventricle The anterior wall of the stalk is limited basally by the habenular conv- 
mxssure, the posterior wall by the posterior comuiissnrc. The pineal proper thus lies 
underneath the posterior end of the corpus callosum and rests on the anterior pair of 
the corpora quadngemma. It is a solid cone-shaped structure enveloped by a capsule of 
pia matter, and more or less distinctly lobed (Fig. 507). It measures in man 7 milli- 
meters in length by 5 millimeters in transverse diameter. The mammalian pineal^ is 
perhaps rather a metamorphosed than a rudimentary organ Its size bears no relation 
to the size of the brain or the size of the body; it is no larger in large than in small 
dogs, for example, and no larger in horse than in dog ; that of sheep is about the size 
of that of man. 
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pherally so that two layers can now be distinguished in the wall; an inner nuclear and 
an outer non-nuclear or marginal layer. Cell boundaries have meanwhile become oblit- 
erated and the entire wall is now essentially a dense syncytium. Still later the syncytium 
assumes a looser texture, forming the myclospongium, and the indifferent germinal cells 



Fic 51s— T ra>'Skctids- Tiiroccu tut Graf Sere Embryo Shown* in ths, Precedivc Figure. 

Am, amnion; eel, ectoderm; mesoderm; ent, entoderm; M, neural grooNc (From 
Williams.) 


give rise to two types of cells: the ncuroblasts, from which differentiate the neurons, 
and the spongioblasts, from wliich the neuroglia cells and fibers develop. 

Shortly after the time when neuroblasts and spongioblasts first become distinguishable 
the wall of the neural tube can be conveniently divhled into three zones: (i) the 



Fig 5i6.~TnREE Successive Stages is the Process of Closure of the Medullary 
(Neural) Groove to Form the Medullary (Neural) Canal and Neural (GAvni 
oNic) Crests ' ‘ 

(From Barker, after M. von Lenhossek.) 


ependymal layer, forming internally also a limiting membrane; (2) the intermediite 
middle, nuclear or iiiandc layer, containing neuroblasts, spongioblasts and indifferent 
cells; and (3) tiie outer non-nuclear or marginal layer, bounded externahy by an outer 
Inmiing membrane. A gha framework pervades the entire width of the wall. 



CHAPTER XVII 


THE NERVOUS SYSTEM 


DEVELOPMENT 


The first external evidence of the IwRitmins of the nervous system is the appearance 
of a median longitudinal furrow in the dorsal (neural) ectoderm of very young embryos 
(about tj'c fiftccn'tli day in man). Tliis js known as the iit'iiral or vicdiillary grooi-c. Still 
earlier stages, as revealed in sections, include an increase in lieight of the ectodermal cells 
to form an axi.al plate of cuboidal cells, the ncitral 
plale. Subsequently lliis simple layered plate is 
converted into a structure of several strata of 
cuboidal cells, which meanwhile forms the floor 
and lateral walls of the deicfoping neural groove. 
The neural pl.ite grows more rapidly laterally 
causing thus a progressive elevation of its borders, 
the neural folds, and producing in consequence a 
gradually deepening neural groove (Fig. 515). 
According to Glaser,* tlie inequality in growth be- 
tween neural plate and the adjacent ectoderm 
which causes folding is due to greater water ab- 
sorption on the part of tlie plate By continuation 
of this process of unequal growth medially and 
laterally, the folds finally meet in the dorsal mid- 
line and fuse to form tlie neural tube. On both 
sides of the line of fusion a group of ectodermal 
cells appears, the neural or ganglionic crest, from 
which arise tlie nenroju of the dorsal and sympa- 
thetic ganglia, and tlie neurilemma (sheath) cells 
of both Uie afferent and efferent fibers of the 
dorsal and ventral roots, respectively. The neural 
tube (canal) is originally of approximately uni- 
form caliber tliroughout; but shortly the cephalic 
end, by a series of processes involving dilatations, 
constrictions, foldings and fusions, develops into 
the brain; while the caudal portion gives rise to 
the spinal cord. 

These gross developmental changes — more ap- 
propriately considered in detail in works of em- 
bryology — inTOhe histogenetic processes in the 
walls of the canal. The earlier of these processes 
are essentially alike in both cerebral and spinal portions of the canal. Originally the 
ectodermal layer, which subsequently forms the wall of the tube, consists of a single 
lajer of cuboidal cells similarly undifferentiated. Shortly spherical and oval germinal 
cells appear among the primitive ependyinal cells. Tliese indifferent cells migrate peri- 
1 Glaser, 1914 
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Fjg 5T4 — Hujian Emdryo 2 Mitu- 
METERS Long. (Grai Spec.) X30 
Am, amnion, C, chorion; C.V , 
chorionic villi , Ds, body stalk (em- 
bryophore) ; Mg, medullary (neural) 
groove , Nc, neurentenc canal , Ps, 
primitive streak; Fr, yolk sac. (From 
Williams ) 
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axon proper, passes into tl.e dorsolateral portion of the cord as an afferent fiber and here 
makes contact tltrotigl. a telodendrion either directly or indirectly (through association 
neurons) with the dendrons of motor neurons. Its peripheral process is to be regarded as 
the dendron, modified structurally so as lo be esseniially identical with the axon 

The sympathetic m.ay be regarded as a cenogenclic addition to the cerebrospinal 
neiA'ous system. Ontogenetically it appears in 
man at the beginning of the fifth week (7 mil- 
limeter embryo). Fh>logeneticaUy, it first ap- 
pears in cyclostomes. Kuntz- traces the neu- 
rons of the sympathetic trunks and the pre- 
vertehral plexuses to neuroblasts in both the 
neural crest and the medullary wall, from 
whence they are said to nngrate by both the 




Ffc. sza— Section titrough Wall or Laisr NtuRM. Toet or R.sbbit E«bryo, Showing a 

StACC {-V THE DrJFfRtXTIATlON OF TH6 EpFND\MA CttLS AND TItP FORMATION OF A 
MveuosBONCtuM (His ) 


Fio 521 — Section or Wail of Forcprain of Four-day CtttcK F-mbryo, 

A, apoUr neuroblast ; B, bipolar ncutoblast ; a, the begmnmg of the sprouting of the axon ; c, 
axons, shoning the terminally expanding growth area (.cone of growth). CajaVs silver technic. 
(Hetdenhain, after Caja].} 


dorsal and ventral nerve roots. The neurilemma cells, as also the capsular elements 
of the sympathetic neurons, arise from "indifferent” cells wliich rnigrate from 
these same locations and proliferate and differentiate along their course The cardiac 
plexus and the sympathetic plexuses m the walls of the vivceral organs (terminal 
plexuses; "vagal sympathetic” plexuses — Kuntz) have their origin, according to Kuntz, 
in nervous elements which migrate trcm the hirwlbraiti and the vagus ganglia along 
the fibers of the vagus nerves Kuntz believes that “mdiTCCt embryological and anatomical 
evidence warrants the conclusion Uiat the sympathetic excitatory neurons arise from 
ceils which migrate from the neural tube along fibers of the motor nerve roots, while 
the sympathetic sensory neurons, wherever such neurons exist, arise from cells which 
migrate from the cerebrospinal ganglia” However, according to Carpenter® the 
autonomic neurons show no distinct difference^ from the standpoint of their chromo- 
philic content Since such differences are conspicuous between the sensory and motor 


* Kuntz, i<)io 
‘Carpenter, 191-4 
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Neuroglia cells differentiate from spongioblasU by a process involving cliiefly the 
formation of glia fibers in tlielr exoplasm. Tlicse fibers apparently arise from spongio- 
plasmic fibrils of the piotoplasni. Many glia fibers subsequently become disposed extra- 
ccllulnrly. Tlie primitive ependymal cells become greatly modified 
into stout, slightly branching fibers extending through the wicltli 
of the walls of the neural tulw. The main body, of columnar 
shape, with its nucleus am! a distal tuft of cilia, retains its cen- 
tral position and forms an cpend>mal lining for the spinal canal 
and the ventricles of the brain. The several neuroglia constituents 
(astrocytes, oligodcndroglia and glia fibers) form a loose- 
meslicd sjmcytmm, the myclospongium, for the support of the 
developing neuroblasts. Peripherally it is of denser texture and 
relatively free of nuclei, and is designated the marginal layer 
(glial sheath). Coincident with tins process of neuroglia liisto- 
Fic S17— CrruLiK Rcnesis, the nettroblasis enlarge, proliferate extensively and dif- 

INC THE NcunAL fcrcntiatc into neurons, ihcir processes — axon and dendrons— 

Canal OF hif. ‘arising as sprouts from the originally spherical neuroblasts. Sub- 

Ncwly Hatched sequenlly microglia appears as an invasion from the pia mater. 

Rainbow Tuout, The microglia cells constitute the macrophages of the central 

Showing Mito- nervous system. 

CHONDBiA IN AN The motof neurons remain located in the ventral horn of the 
Embbvonic Nerve spinal cord (Fig. 524), their axons (efferent fibers) passing out 
througii tlic ventral root to unite with the fibers of the dorsal 
Meves’ technic. X root to form a spinal nerve. The sensory neurons arise external 

2000 to the cord from ncuroblasts of tlic linear neural crests, and 

migrate some distance venirolatcrally, where they aggregate into 
metamenc oval masses which differentiate into the spinal ganglia. The differentiation 
process includes both capsule and neuron formation. Tlic sensory neuron located in tlie 
dorsal (spinal) ganglia is also originally spherical or oval; subsequently it becomes bi* 



Fig S18 Fic 5I9- 

Fig 518. — Section treouch Neural Plate of a Rabbit Embryo. 
The cells include a large round germinal cell. (After His.) 


Fig. 519 Section irrouch Neural Plate of Closing Neural Groove of Rabbit Embryo. 

Two germinal cells are visible. (His.) 

polar • and finally, by a process involving the retraction of the cell body (cyton) from 
Its tvvo processes and tlie fusion of these processes proximally, it becomes a unipolar 
cell The definitive axon thus divides in the manner of a T or Y. Its central process, or 
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neurons of the cerebrospinal system, this obsen^ation arouses skepticism regarding the 
presence of sensory sympathetic ganglion cells. 

The pnmat)' cerebral divisions and their major adult derivatives are enumerated 
in the appended outline (page 54a). 'Die microscopic anatomy of their definitive con- 
dition lies outside the scope of this book. These matters are more appropriately treated 
in special textbooks of Neurology Cc,g., Quain, Amtomy, Vol HI, 1908; Villiger, 
Brain and S{>inal Cord, translation by Piersol, 1912; and Ranson, The Anatomy of 
the Ncn'Oiis System), and constitute the work of a separate course. Likewise the de- 
velopmental history is more advantageously considered in a special course in embryology’. 

Tins work will include only the histology of the several segments of the spinal cord; 
and that of the cerebellar and cerebral cortex. 



Fjc. 52s— Recoxstructios of the Asterjor PoRTton or the Bodv of a Young Chick 
Embkvo, Seen rRo^f the Dorsae Surface (KoJlmann ) 


THE SPINAL CORD 

Structure 

The spinal cord (Fig. 526) consists of a considerable mass of central gray 
matter which is surrounded by a layer of myelinated nerve fibers, the white matter. 

The gray matter comprises two lateral portions united by a central comimsstirc 
(gray commissure) in transverse section resembling the letter H, Each lateral 
portion includes a ventral and a dorsal horn tvith an intervening deeper portion 
the central mass or intcrmciSiale oonc of Golgi. Each horn or cornu ends in a 
head or rofiif united with the intermediate portion or basis conm by a neck nr 
cervix cornu. ’ 



Fic. 522 Fic. 523 

Fic. 522.— Transection of the Sfimai. Coro of an EARty Emcrvo, Snowing the Micration 
OF Neurodlasts Toward the Marginal Veil, and tiir .Ventral Nerve Root. 
a, neural canal; ventral root. (His.) 

Fio. S23.— Transection of the Spinal Cord or a Human Embryo of Four Weeks. 
The central canal is immediately surrounded by ependyma cells. The peripheral nerve ceils 
are shown on the left of the figure. The ventral nerve roots are already pushing outward from 
the primitive cord, d, dorsal ; v, ventral nerve roots. (His.) 



Fig. 524. — Transection of the Spinal Cord of an Embrvo Chick. 
e rad. ant., axons to the ventral roots , c, rad post., axons to the dorsal roots ; col., collateral 
from an axon back to the gray matter; gg, dorsal root ganglion; rac. ant, ventral root; rac. 
post , dorsal root, (van Gehuchten ) 
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immediate vicmity, but also include many processes which come from very dis- 
tant regions. The gray reticulum is thus supplied from fibers of the ventral and 
dorsal nerve roots, together with innumerable collaterals, not only from the root 
fibers, but more especially from those fibers which collectively form the many 
large tracts passing up and down the spinal cord and placing each segment in 
communication with many other levels of both the spinal cord and brain. 

The center of the gray commissure contains the central canal which lies in 
the axis of the spinal cord and is continuous above with the ventricles of the 



Vmlral colunut 


Fig. 526.— Transection of the. Spinal Cord of a Child, Seventh Cervical Segment. 

Weigert slain, X7, 

brain. It represents the remains of the fetal neural canal ; and in the young sub- 
ject is still patent, filled with cerebrospinal fluid, and lined by columnar cells 
which are frequently ciliated. In older subjects the cells of the lining ejiithelium 
have usually lost their cilia, and the lumen of the canal is more or less filled by 
cell proliferation which involves not only the lining epithelium but also the sur- 
rounding glia cells. The central canal is immediately surrounded by a peculiar 
gelatinous tissue in which are many glia cells. This mass is called the subslmilia 
gelatmosa centralis. A similar area of gelatinous tissue occurs near the extremity 
of the dorsal horns, and is called the subslantia gelaliiwsa Rolandi. The latter 
the substantia gelatinosa Rolandi, however, is said to contain only a scanty sutmlv 
of neuroglia. ^ 
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DERIVATIVES OF THE NEURAL TUBE 


I’A. Myelon 

(spinal cord) 



r (0) Myelcnccphalon 

Rhombencephalon 

1 (afterbrain) 

(rhomboid brain) * 

(6) Metencephalon 


(hindbrain) 

Mesencephalon 

(c) Mesenceplialon 

(midhrain) 

(midbrain) 


in, Prosenceplialon 
(forebram) 


{d) Diencephalon 
(interbrain or 
'tween brain) 


(e) Telencephalon 
(endbrain) 


1. Sacral region 

2. Lumbar region 

3. Thoracic (dorsal) region 

4. Cervical region » 

I” 5. Medulla oblongata 


. Pons varolii 
. Cerebellum 


{‘ 


Region of the crara cerebri 
(brain stem) ; corpora 
quadrigemina 


p. Region of the optic thalami 
(basal nuclei) 

10. Optic tract (primitive optic 

evagi nations) 

11. Posterior lobe of hypoph- 

ysis cerebri 
13 . Pineal body 

13. Cerebral cortex (pallium) 
Corpora striata 
Olfactory lobes 


Us- 


The ventral is somewhat broader than the dorsal horn. Its cells supply axons, 
which, after uniting into bundles, pass ventralward through the white matter to 
form the ventral (anterior) nerve roots. 

The spinal cord may be considered as consisting of ontogenetic segments whose 
number corresponds to the number of the spinal nerves. Hence each segment con- 
tains the ventral horn cells whose axons form the ventral root of the corresponding 
spinal nerve. 

In a similar manner the dorsal horns of the gray matter receive a large portion 
of the incoming fibers of the dorsal roots, which in large part form dnd brushes 
around the cells of the dorsal horns and the intermediate zone as shown in Figure 

527- 

The dorsal roots enter through a distinct longitudinal groove, the dorsolateral 
sulcus. At the exit of the ventral roots there is, however, only a broad, shallow 
indentation, these roots making their exit in isolated bundles distributed through 
a vertical plane of considerable width. The dorsal root fibers of each segment, 
on the other hand, enter in a single compact mass. 

Gray Matter. — ^The gray matter consists of a dense tangle of nerve cells and 
unmyelinated fibers, both axons and dendrons, together with neuroglia and blood 
vessels. The fibers of a given area are derived not only from nerve cells in their 
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rounded, except at the gray commissure, by the white matter. The latter is sub- 
divided into a ventral, lateral, and dorsal column, each of which extends the 
entire length of the spinal cord and is apparently (to the naked eye only) con- 
tinuous above with a similar column in the medulla oblongata. 

The venfral zvhite column is included between the ventral median sulcus and 
the ventral gray horns and nerve roots; the lateral columns extend from the 
ventral roots in front, around the lateral surface of the spinal cord, to the dorsal 
roots; the dorsal cohimus are included between the dorsal horns of gray matter 
and dorsal nerve roots, and the dorsal median septum. 

Each of these columns of white matter is again subdivided by neurogliar 
septa of variable size and number, which extend inward from the pia mater for 
a considerable distance. Such septa may even penetrate all the way to the central 
gray matter. One of these septa, the paramedian septum, more constant than the 
others, subdivides the dorsal column into two portions, a dorsomedial and a 
dorsolateral column, or the funiculus gracilis (column of Goll) and the funiculus 
cuncatiis (column of Burdach) of the upper portions of the cord. 

In the ventral white column two chief fiber tracts are recognized : a narrow 
median, the anterior or direct pyramidal tract; and a more lateral larger anterior 
ground bundle. In the lateral column four main tracts are recognized; three 
lateral, including an upper crossed pyramidal tract, a middle direct cerebellar 
tract, and a lower or Gower’s cohimn; and a large medial lateral ground bundle 
(Pig. 527) These tracts do not possess sharp boundaries, Moreover, the ground 
bundles at least are composite. The several elementary tracts contain fibers pass- 
ing either from the periphery to the brain along the cord {ascending fibers) or 
from the brain through the cord to the periphery (dmcndiiij; fibers), or fibers 
connecting brain and cord or different segments of the cord. For a detailed 
description of the constitution of these fiber tracts reference must be made to the 
systematic textbooks on the nervous system. 

The larger blood vessels are distributed along the fibrous septa, taking their 
origin from the vessels of the pia mater; the most of them are distributed to the 
white matter, but to some extent these larger blood vessels also supply the gray 
matter. 

The entire surface of the spinal cord presents, just beneath the pia mater a 
thin superficial la}er or marginal layer of glia tissue. In the brain this layer is 
somewhat exaggerated m thickness. 

The varying number of fibers which are given off at different levels of the 
spinal cord results m considerable differences in size in its several portions. By 
means of these peculiarities, as well as by the spinal nerve roots to which they 
give origin, we distinguish a sacral, lumbar, thoracic, and cervical region Each 
of these regions presents certain more or less important morphological charac- 
teristics. ^ 

Sacral Region.— In the sacral region the investment of white matter is very 
thin, the gray matler-though actually less in amount than in the more cephalad 
regions— appearing large by comparison. Both the ventral and dorsal horns of 
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'he black celts are of the sensory or centrit>cial paths, those on the left are spinal ganglion 
whose branches may be traced to their sewral terminations within the spinal cord. The 
tr cells of anterior horn on the right are white; commissural cells are vertically striped; 
imall cells of the dorsal horns are horizontally striped; a small Golgi cell of the dorsal horn 
ppled. (Redrawn after the scfieme of von Lenhossek.) 

KThite Matter. — ^Tbc white matter forms a covering or shell around the central 
• mass. It increases in thickness from below upward. This peculiarity is the 
It of the progressive influx of centripetal fibers, and a corresponding con- 
ition of centrifugal fibers, through the spinal nerves of each successive segment. 
The dorsal median septum extends inward from the shallow sulcus on the 
al surface of the spinal cord to the central gray commissure, and divides the 
al mass of white matter into two white columns, lying on either side of 
median line, and bounded laterally by the dorsal horns of gray matter and 
dorsal nerve roots. The ventral median sulcus in a similar manner, splits the 
ral portion of white matter into the two ventral white columns. This sulcus, 
ever, does not penetrate all the way to the gray commissure but leaves an 
wal of white matter containing many transverse and obliquely disposed nerve 
s. The ventral or zvhitc commissure thus formed connects the two ventral 
mns of white matter. 

The spinal cord is thus divided into two lateral and symmetrical halves by a 
e passing through the ventral and dorsal median sulci and the central canal. 
h lateral half includes a central curved mass of gray matter completely sur- 



THE SPINAL CORD ' 547 

the medullary canal to form the central ligament, which is finally attached to the 
sacrum or coccyx. 

Lumbar Region. — In the lumbar region there is a distinct enlargement, chiefly 
involving the gray substance, which here includes the immense number of cells of 
the ventral horns whose '’motor” fibers enter the large lumbar nerve trunks for 
the supply of the lower limbs. These nex^'e trunks 
also supply to the cord a great number of centripetal 
or sensory fibers which enter the dorsal and, later 
(through secondary neurons), the lateral columns; 
thus both of these columns are of large size in and 
above the lumbar region. The dorsoittedial column in 
this region attains an appreciable size, and a distinct 
pial septum marks its lateral boundary. 

The spinal cord is now nearly circular m transec- 
tion, its ventrodorsal being perhaps slightly less titan 
its transverse diameter (10 millimeters). The gray 
commissure lies very near the middle of the spinal 
cord, and the ventral median fissure is, therefore, 
quite as deep as the dorsal median septum. 

Both the ventral and dorsal gray horns arc long and thick. Each dorsal horn 
contains a large apical area of gelatinous substance, is somewhat longer on its 
lateral than on its medial side, and reaches nearly to the dorsal surface of the 
spinal cord, opposite the dorsolateral sulcus. The dorsal nerve roots entering at 

this level arc apparently directed toward 
the middle of the tips of the dorsal horns 
of gray matter; once within the spinal 
cord they pass around to the mesial side 
of the dorsal horns. 

The ventral horns, somewhat larger 
than the dorsal, present two short and 
broad protuberances, the one at the ven- 
tromesial, and the other and more promi- 
nent at the ventrolateral angle A similar 
though less prominent protuberance is 
seen at the base of the ventral horn, on 
its lateral aspect. Each of these projec- 
tions contains a more or less well-defined 
group of motor nerve cells. The cell 
groups of the ventral horns in the lumbar 
region are therefore a ventromedial, ventrolateral, and dorsolateral, together with 
an ill-defined central group occupying the deeper intermediate zone of gray matter. 

The nerve centers contained in the lumbar region control the reflexes and 
musculature of the lower limbs and also those of the lower" part of the abdominal 
wall. 



. / 


Fic S30 Transectiox oftiie Spinal Cokd 
Of a Child, Fifth Lumbar Segment. 
Weigert stain X7. 



Fig. 539— Transection op the 
Spinal Cord of a Child, 
Third Sacral Secment. 
Weigert stain. X7. 
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gray matter arc short and thick. The substantia gclatinosa Rolandi is of con- 
siderable volume. The cell groups in the ventral horns of this region are a 
ventromedial and a dorsolatcraL 

The cord as a whole is small and its transection nearly circular in outline. The 
five segments of this region contain the neuron centers for the urinary bladder, 


■y:, 



Fic 528 — Varieties or Neuroglia in Spinal Cord of Child. 

A, ependymal cells lining central canal; B, long-rayed (spider) cells of white matter; 
C, short-rayed (mossy) cells of gray matter; D, long-rayed astrocytes of gray matter. Golgi 
technic (Cajal.) 

the anus, some of the musculature of the lower limbs, and the sensory reflexes of 
the perineum and genito-urinary organs. 

Below the sacral region the s|nnal cord tapers rapidly {conus medullaris) and 
is continued downward for a considerable distance as the filtim tcrminale. The 
surrounding leash of lumbar and sacral nerve roots forms the caitda equina. The 
fibrous membranes which surround the cord continue even farther downward m 
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posterior. The major portion of the white matter is still contained within its 
dorsal rather than its ventral portion, the gray commissure appearing to lie some- 
what ventral of the center. The dorsal median septum dips inward for a much 
greater distance than does the ventral median fissure 

The dorsal columns are decidedly larger than the ventral, and a distinct groove, 
the paramedial sulcus, from which a fibrous septum is continued inward, separates 
the dorsomedial from the dorsolateral column. 

The dorsal gray horns are long, relatively slender, and more divergent than 
in the lower levels. They do not reach the surface of the spinal cord, but are 
connected therewith by the long, slender dorsal nerve roots. The gray matter of 
the dorsal horns in this region is more or less invaded by bundles of nerve fibers 
derived from the lateral and dorsal columns; the tips of the dorsal horns are 
thus almost cut off from the deeper portions of gray matter. 



Fig. 532— Transection of the Spinal Cord of a Child, Fourth Cervical Segment. 

Wcigert stain. X7. 

The ventral horns are both long and broad. They present three noticeable 
promontories or processes — a medial (ventromedial), a ventral (ventrolateral), 
and a lateral. The lateral, because of its special prominence, is frequently called 
the lateral horn; it is one of the noticeable characteristics of the cervical region. 

Each of these processes contains a corresixinding cell group; hence we dis- 
tinguish in the cervical enlargement a mesial, a ventral, and a lateral group, together 
with a small intermediolateral, which is partially or completely detached from the 
dorsal portion of the lateral group There is also a small disseminated central group 
of nerve cells occupying the deeper portion of the ventral horn. 

The nuclei of the segments included in the cervical enlargement contain the 
centers for the musculature and sensory reflexes of the upper limbs. The partial 
control of the pupillary movements in the eye is also located m the lowermost 
segments of this region. 

Upper Half.— In the upper half of the cervical region a transection of the 
sr'nal cord, except for its larger size, resembles very closely that of the thoracic 
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Thoracic Region. — A transection of spinal cord in the thoracic region is 
of small diameter (8 nnlHmclcrs)^ and is very nearly circular in outline. The white 
matter, since it contains the many nen'c filxrrs going to and coming from the 
lumbar cnlargemeid, is much more voUiminous titan tlie gray matter. Tltc latter 
is reduced to a contparatively small central tin^s. 

Tlje <lors«ncdiaI column attains a considerable sire in this region, and is dis- 
tinctly marked off from the adjacent tiorsolateral column by a fibrous septum 
derived in jart from the pia mater, in part being of neuroglia composition. The 
dorsal and the lateral cohmms, Iwiving been much augmented by the influx of 
fibers from the large dorsal roots of the lumbar nerves,. form the larger part of 
the white matter. The gray matter conse- 
tjncnily appears to be pushed fonvarcl, its 
gray commissure lies considerably ventrad of 
the center of the spina! cord, the ventral 
median fissure is sljorter than the dorsal 
mctlian septum, and the tips of the dorsal 
gray horns are far removed from the surface, 
being only connected with the dorsolateral 
sulcus by the slender dorsal nerve roots. In 
fact, the dorsal horns of gray matter in this 
region are reduced to a minimum size ; they 
are short and slender and contain compara- 
tively few nerve cells. 

At the base of each dorsal horn, on its 
mesial side, there is a distinctly outlined cell 
group whose transection is of oval or circular 
outline. Indeed, this cell group, the cell ccl- 
nmn of Clarke, begins in the second or third lumbar segment, and is continued Upward 
to the second or third thoracic — at limes even into the lowermost cervical segments— 
at which level it has dwindled to a relatively insignificant group. In the lower lumbar 
region an ifl-deflncd group of cefis occupying a sitntiar posxfron and having the same 
function is known as the mtclais of Shltmg. 

The ventral gray horns are very short and narrow, and their cells cannot be 
subdivided into groups as in tlie other regions of the spinal cord. In the upper 
part of the thoracic region a distinct protuberance makes its appearance at the 
base of the ventral horn, on us lateral aspect. This is the precursor of the larger 
lateral horn of the cervical region. In the upper thoracic region it contains a small 
cell group, the dorsolateral. 

The nerve centers of the thoracic segments control the upper abdominal region, 
the thorax, and the viscera 

Cervical Region. — Lower Half. — ^In the lower half of the cervical region the 
spitial cord presents a distinct enlargement, within the gray matter of which are 
the nuclei for the upper limbs. The sjunal cord in this region is somewhat flat- 
tened, its transverse diameter (14 millimeters) considerably exceeding its antero- 


Fig. 53J.~-Tran8ECtion op the Spikal 
Co»B OF A Ciuto, Eicnrii Tiioracjc 
Seqmkxt. 

Wdgert stain. X7. 
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posterior. The major portion of the white matter is still contained within its 
dorsal rather than its ventral portion, the gray commissure appearing to lie some- 
what ventral of the center. The dorsal median septum dips inward for a much 
greater distance than does the ventral median fissure. 

The dorsal columns arc decidedly larger than the ventral, and a distinct groove, 
the paramedial sulcus, from which a fibrous septum is continued inward, separates 
the dorsoinedtal from the dorsolateral column. 

The dorsal gray horns are long, relatively slender, and more divergent than 
in the lower levels. They do not reach the surface of the spinal cord, but are 
connected therewith hv the long, slender dorsal nerve roots. The gray matter of 
the dorsal horns in this region is more or less invaded by bundles of nerve fibers 
derived from the lateral and dorsal columns; the tips of the dorsal horns are 
thus almost cut off from the deeper portions of gray matter. 



Fig. S32 —Transection of the Spinal Cord of a Child, Fourth Cervical Segment. 

Wcigert stain. X7. 

The ventral horns are both long and broad. They present three noticeable 
promontories or processes — a medial (ventromedial), a ventral (ventrolateral), 
and a lateral. The lateral, because of its special prominence, is frequently called 
the lateral horn; it is one of the noticeable characteristics of the cervical region. 

Each of these processes contains a corresponding cell group; hence we dis- 
tinguish in the cervical enlargement a mesial, a Z’cniral, and a lateral group, together 
with a small hitermediolatcral, which is partially or completely- detached from the 
dorsal portion of the lateral group. There is also a small disseminated central group 
of nerve cells occupying the deeper portion of the ventral horn. 

The nuclei of the segments included in the cervical enlargement contain the 
centers for the musculature and sensory- reflexes of the upper limbs. The partial 
control of the pupillary movements in the eye is also located in the lowermost 
segments of this region. 

Upper Half.— la the upper half of the cervical region a transection of the 
spinal cord, except for its larger size, resembles very closely that of the thoracic 
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region. The larger size is due to an increase in the white matter of the dorsal and 
lateral columns, consequent upon the acquisition of new fibers which enter the 
subjacent segments from the nerves supplnng the upper extremities, together with 
an increased number of centrifugal fibers from the cerebrum which are distributed 
to the gray matter of this region. 

The ventral columns are also much increased in size by the addition of many 
fibers coming down from the medulla and cerebellum, winch place the ner\’e 
centers of the spinal cord in close relation with those of the cranial nen.'es and 
tvitli the association centers of the cerebellum. 

In addition to the large size of its white columns, a noticeable characteristic 
of the upper cervical region is the prominence of its lateral horns of gray matter. 
Just dorsal to the lateral horns is also a peculiar reticular formation which results 
from an invasion of the adjacent portions of the lateral white columns by bands 
of gray matter. The gray matter thus forms a coarse network whose meshes 
inclose isolated bundles of longitudinal fibers. 

The ventral horn cells of this region are scarcely divisible into groups, but 
a large and distinct cell group, the tnfcrtucdiolalcra! cell column, occupies the 
so-called lateral horn. 

The nuclei of the upper cervical region innervate the skin and muscles of the 
neck and shoulder, they also supply the diaphragm. The ner\’e cells of this region 
not only supply the cer\’ical spinal nen'es, but they also send root bundles to the 
spinal accessory or eleventh cerebral ner\'e. 

THE CEREBELLUM 

The cerebellum consists of an irregular core of white substance, the medulla, 
and a thick mantle of gray matter, the cortex. It comprises two hemispheres or 
lobes connected by a third lobe, the vermis. Each lobe is a combination of lobules 
which include a variable number of transverse convolutions or folia Each folium 
contains a medullary core and is covered by a cortical layer. The central medulla 
contains four paired masses of gray substance, the internal nuclei. 

The Cerebellar Cortex 

The cortex is divisible into an inner granular layer, and an outer molecular 
layer. The granular layer in a fresh section appears rust-colored; in a stained 
preparation it appears much darker and more granular than the molecular laver 
due to the abundance of nuclei ; it is thickest over the summit of the folium, and 
thinnest in the depth of the sulcus between adjacent folia. 

Rurkinje Cells. — The most conspicuous and distinctive elements of the cere- 
bellar cortex are the Purkmje cells, situated along a line marking the division 
between molecular and granular layers They are regarded as belonging to the 
molecular layer. The remaining cellular elements of the cortex cannot be studied 
jn detail in ordinary histologic preparations. They must be identified mainly by 
meir relative size and position. Our knowledge of their finer structure and their 
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region. The larger size is due to an increase in the white matter of the dorsal and 
lateral columns, consequent upon the acquisition of new fibers which enter the 
subjacent segments from the nei^xs supplying the upper extremities, together with 
an increased number of centrifugal fibers from the cerebrum which are distributed 
to the gray matter of this region 

The ventral columns are also much increase<l m size by the addition of many 
fibers coming down from the medulla and cerebellum, which place the nerve 
centers of the spinal cord in close relation with those of the cranial nei^’es and 
with the association centers of the cerebellum. 

In addition to the large size of its white columns, a noticeable characteristic 
of the upper cerv’ical region is the prominence of its lateral horns of gray matter. 
Just dorsal to the lateral horns is also a peculiar reticular foruiation which results 
from an invasion of the adjacent portions of the lateral white columns by bands 
of gray matter. The gray matter thus forms a coarse network whose meshes 
inclose isolated bundles of longitudinal fibers. 

The ventral horn cells of this region are scarcely divisible into groups, but 
a large and distinct cell group, the iiUcrmcdiolatcral cell column, occupies the 
so-called lateral horn. 

The nuclei of the upper cervical region innervate the skin and muscles of the 
neck and shoulder, they also supply the diaphragm. The nerve cells of this region 
not only supply the cen.'ical spinal ncr\'es, but they also send root bundles to the 
spinal accessory or eleventh cerebral nerve. 

THE CEREBELLUM 

The cerebellum consists of an irregular core of white substance, the medulla, 
and a thick mantle of gray matter, the cortex. It comprises two hemispheres or 
lobes connected by a third lobe, the vermis. Eacli lobe is a combination of lobules 
which include a variable number of transverse convolutions or folia. Each folium 
contains a medullary core and is covered by a cortical layer. The central medulla 
contains four paired masses of gray substance, the internal nuclei. 

The Cerebellar Cortex 

The cortex is divisible into an inner granular layer, and an outer molecular 
layer. The granular layer in a fresh section appears rust-colored; in a stained 
preparation it appears much darker and more granular than the molecular laver 
due to the abundance of nuclei ; it is thickest over the summit of the folium, and 
thinnest in the depth of the sulcus between adjacent folia. 

Purkinje Cells. — ^The most conspicuous and distinctive elements of the cere- 
Wlar cortex are the Purkinje cells, situated along a line marking the division 
between molecular and granular layers. They are regarded as belonging to the 
molecular layer. The remaining cellular elements of the cortex cannot be studied 
m detail in ordinary histologic preparations. They must be identified mainly by 
their relative size and position. Our knowledge of their finer structure and their 
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intcrrclntionsliips has been gained by use of special staining technics, chiefly the 
Golgi pToccss. Ry use of this technic two other tyjics of cells can he distinguished 
in the molecular layer; the small cortical celts, and the large cortical or basket cells. 

The Pvirkinjc cells arc large fla5k-sha|>c<! elements, with typically a robust 
dendron and a delicate axon at opposite poles. The axon passes centrally to con- 



Fic. 534- VERTrcAL Sectiox of Foi-fOM of Houaw Cebebeu-Um, Showikc Suferficiae 

Moeecuear Layer, Central Granular Layer, ak» the I.vtervening Layer of Fub- 
KisjE Ceees. X70. 


tribute to the white matter of the medulla. It gives off numerous collaterals, some 
of which turn back into the molecular layw and terminate in relation with neigh* 
boring cells of Purkmje. The dendron passes toward the surface dividing -almost 
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immediately into two coarse branches, which each divides dichotomously into ! 
succession of increasingly more delicate branches forming peripherally a dendroni 
field of extreme profusion of nonanastomosing fibrils. The dendron viewed as J 
whole constitutes a fan-shaped stmeture. Its expansion is in a plane at right angle 
to the long axis of the convolution. In sections parallel with the long axis of tin 
convolution the dendronic field is very narrow, and never wider than the diamete; 
of the cell body. 



Fig. 535. — A Porkinje Cell from the Human Cerebellar Cortex. 

Moderately magnified. Photo. (Berkley.) 

Basket Cells. — ^The basket cells, or large cortical cells, are multipolar elementj 
with relatively short robust branching dendrons, and a long axon which passes 
horizontally in the same plane in which the dendronic expansion of the Purkinje 
cells are placed. Along its course it gives off five or six collaterals which, as also 
the postcollateral portion of the axon itself, pass centrally toward the Purkinje 
cells where each breaks up into a profuse terminal arborization which invests the 
cell body in the manner of a ‘’basket.” The basket cells occupy the middle and 
.outer portions of the molecular layer; these basket cells are apparently of the 
nature of association neurons, perhaps coordinating the function of a number of 
Purkinje cells. 

Small Cortical Cells. — ^The small cortical cells are distributed throughout tht 
molecular layer but are more abundant in the outer half. They are multipolar and 
vary considerably in size, some being almost as large as the basket cells. They 
possess from two to five delicate dendrons distributed for the most part in the 
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same plane as those of the Purttinjc cells. Tllclr short slender axon, which is 
horizontally placed, is frequently ctoractcristically looped. The axon of some of 
these cells has numerous coUalcrals. 



Fig 536.— a Pcibkinje Cell 
rsOM THE CtREBEtl^R CoR- 
TEX OF THE Rabbit 


Nuclear or Granular Layer.— The nuclear or 
granular layer also contains three distinct t>’pes of 
cells: the granule cells, the large siellale cells and the 
so-called solUary cells. The latter are small fusiform 
elements, hut of tlicir significance and relationships 
little is definitely known. 

Granule Cells . — The granule cells have a general 
distrihulion throughout the granular layer. They are 
of relatively sttiall sire, multipolar, and possess short 
dendrons (frequently four) which end in claw-like 
processes. These latter are in close relationship with 
the so-called cosin bodies, small spheroidal finely gran- 
ular masses having a special affinity for eosin. The 
cosin bodies are hclicvcd by some to represent synapses 
between the dendrons of, the granular cells and the 
tclodendria of the centripetal mossy fibers contributed 
by the medulla. The axon of the granule cell is unique 
among the cercl>ellar cortical neurons in that it passes 
toward the surface; here it divides in T-fashion, the 
branches passing parallel to the long axis of the con- 
volutions thus coursing at right angles to the dendronic 
expansion of the Purkinje cells, in relation with which 
they probably end. 

L^rgc Stellate Cells . — ^The large stellate cells have 
a limited distribution in the granular layer; they are 
more or less closely confined to the boundary zone be- 
tween the molecular and granular layers. They are 
large multipolar tells, with a profuse dendronic con- 
tribution to the molecular layer, and an almost equally 
profuse short axonic and collateral contribution to the 
granular layer where the tclodendria end in relation to 
the granule cells. These are typical Golgi cells of the 


Highly magnified. (Nissl.l second t3rpc. 


The MEDULI.A 

The medulla next the cortex contain three important types of myelinated 
fibers: the climbing fibers, the mossy fibers, and the axons of the Purkinje cells- 
The latter are centrifugal fibers passing to the internal nuclei. The clhubing fibers 
are so designated by reason of tlieir ending in profuse telodendn'a which are 
closely associated with the dendrons of the Purkinje cells, apparently climbing 
over them- The mossy fhers owe their designation to the nodular mossy char- 



A Axon of Mott fiber CtQo/oran- B Axon of tell Chmbtnt C Purkinjt 

PvrhnjtttU vie layer o/yranuU fiber Bonn body etU 

layer 

Fig. 537— Diagram of the Cerebellar Cortex. 

A, by ordinary nuclear staining (omitting the layer of the Purkinje cells) ; B, vertical to the 
surface of the convolution; C, longitudinal section through the convolution; B and C, by the 
chrome-silver method (slightly modified from Bohm and Davidoff ) 

acter of their terminal branches within the granular layer. Their cnd-arborizations 
are intimately related to those of the dendrons of the granule cells probably con- 
tributing to the formation of the eosin bodies. 

Both cortex and medulla contain an abundant neurogliar supporting sub- 
stance. The astrocytes of the cortex are largely of the short-rayed (mossy) type; 
those of the medulla are exclusively of the long-rayed type. Next the surface 
of the cortex the neuroglia tissue is condensed, forming a thick peripheral velum. 
The foregoing is summarized m the following outline: 
f Hemispheres 

fLobes \Vermis 

Cerebellum a Lobules 

LFolia 

I. Cortex 

A. Molecular layer 

1. Small cortical cells 

2. Basket cells; small stellate cells; large cortical cells 

3. purkinje cells 

B. Nuclear or granular layer 

1. Granule cells, with dendromc arborizations ending in dose association 

with eosin bodies 

2. Large stelKate cells 

3. Solitary cells 

n. Medulla — myelinated nerve fibers 

1. Axon of Purkinje cells 

2. Mossy fibers, ending in eosin bodies of granular layer 

3. Climbing fibers 
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THE OBREBEAI. CORTEX 

T!ie cerebrum consists of two large symmetrically paired lobes or hemisfhms 
ncctcd by a bridge of wbilc matter, tile cor/’iit cnlhsum. Each hemisphere 
ludes essentially a central mass of white sulistance or medulla, containing the 
trnal nuclei or basal (jauglia — paired masses of gray matter — and a covering 
gray substance, the cortex or /■attimii. The cortex is greatly folded, thus 
oming marked by convolutions or pyri with intervening fissures or salei. The 
face of each hemisphere may he divided into four principal lobes; (i) the 
niol lobe, bounded posteriorly by the fissures of Rolando and Sylvius; (2) the 



538. — Left Lateral Surface View of Cerebral Cortex In Man, Siiowinc the Iobes, 
Majj* SixLCi Tjsz Labceb Fujictio^jai. Abbas. 

Lvater researches have shown that the motor area is located entirely in the prerclandic region 
ipenheim ) 

iefal iobc, extending from the fissure of Rolando in front to the parieto- 
Ipital fissure behind and the sylidan fissure below; (3) the occipifiil lobe, 
inded anteriorly by the parieto-occipital sulcus; and (4) fciiiporol lobe, 
ig below the fissure of Sylvius. The cortical portion folded under the Ups of 
S)’lvjan fissures is known as the i/ijula (lobiilus insulae). The average thickness 
the cortex is about three millimeters, but in the motor area of the frontal lobe, 
nay attain a depth of five millimeters, while in the occipital lobe it may become 
uced to almost two millimeters. 

The nerve cells which enter into the formation of the gray matter of the 
ebral cortex present a remarkable tendency to arrange themselves in more or 



THE CEREBRAL CORTEX 


557 


less well-defined layers parallel to the surface of the cerebral convolutions. The 
number and arrangement of these layers in the various lobes varies, however, 
with the peculiar function of each of these areas. Thus, in the motor area there 
is a five layer type, in the parietal lobe a seven layer type, in the occipital lobe a 
six or eight layer type. The histologically 
different areas shade into each other by in- 
sensible gradations. 

In general, it may be assumed that the 
ner\’e cells of all of these layers are included 
in one or two physiologically distinct groups 
or types ; those whose axons enter the pro- 
jection paths, and those whose axons enter 
the association paths ; also that while these 
cells intermingle with each other in all por- 
tions of the cortex, yet certain areas are 
characterised by an undue proportion of one 
or the other type, and may accordingly be 
considered as either projection centers or 
association centers. 

The larger cells belong, as a rule, to the 
projection centers, and the peculiar type of 
large cell contained in a given center may 
often be considered as characteristic of that 
particular area. Thus the motor area con- 
tains giant pyramidal cells (Betz cells), and 
the visual area the giant “solitary cells” of 
i\Ie)-nert. 

The larger cells, being of Golgi’s Type 
I. are assumed tc be connected with the pro- „„ 
jection fibers. On the other hand, the after W ^on Bechterew.) 
smaller cells — granule cells, polymorphous 

cells, etc. — which more frequently l^elong to Golgi’s Type II, are thought to supply 
the axons of association paths. Those large areas — parietal lobe, frontal lobe, lobulus 
insulae — which consist m so large a part of the smaller t}pe of cells, may therefore 
be supposed to contain the larger association centers 

The cells in any given portion of the cortex are not only arranged in layers 
parallel to the surface of the cerebral convolutions, but the passage of fibers of 
the medulla to or from their terminations within the pallium, also separates the 
cells of the cortex into irregular rows or striations, whose axis is perpendicular 
to the surface of the convolutions. 




Etnct o» V*»ioos 


t, Golft’s stain, t. ^^eleerl'^ atatn, 3, J>«mat«a «d 4 eosin; 4, reJafiw depth of each Jafer. A a 
irons, Ag, sRifuUr eells of the wlrBierphous larer; Arl', association fibers, Ar., axons; C, ‘ 
centripetal ftbcra. B. terminal fibers, F, fusifonn e«l of the polrmorohous layer; C, Colfii cella, 
tells of MaTtidotti. P C, collateral of a prramidal eeli; prramtdal cells; P3 ar, axon of a i 


relatiee depth of each layer. association 


cefi; PyS, pyramidal axons passme to the cerebral acdulU. {Berkley.) 


d, collateral, 

elfa, Type II, 
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THE MOTOR AREA 


55D 


THE MOTOR AREA 

In the motor area, including the prerolandlc or precentral gyrus and a pos- 
terior portion of the frontal lobe, the cortical cells form five tangential layers, as 
follows: molecular layer, outer polymorphous cell layer, small pyramidal cell 
layer, large pyramidal cell layer and inner pol>'morphous cell layer. 

Molecular Layer.— The molecular layer (stratum zonale) consists of a net- 
work of fine dendronic fibers, derived from the deeper layers, which are disposed 
in tangential meshes beneath the pia mater. Occasionally small cells, apparently 
displaced from the deeper cell layers, are scattered among these fibers; they are 
of polymorphous form, and their processes are confined to the molecular layer. 
The surface of the molecular layer is covered by a viarghial velum of neuroglia 
homologous with that beneath the pia mater of the spina! cord. 

Outer Poljnnorphous Cell Layer. — ^The second, or outer polymorphous, cell 
lajer, is a thin stratum. Its cells are frequently clumped, thus forming groups 
of various size. This grouping is. however, more distinct in some other regions, 
eg., the olfactory area, than in the motor area itself. 

Small Pyramidal Cell Layer. — ^Thc third layer, small pyramidal cells, is some- 
what thicker than the above. It consists of numerous small cells — triangular, 
pjraniidal or pyriform in shape — whose pointed apices are directed toward the 
surface. Three sets of dendrons are given off by these cells, an apical process 
which passes outward to ramify in the outer molecular layer, and from either 
side of the base of the cell a second set, whose processes are distributed in a 
plane nearly corresponding to that in which their cell bodies lie. The axon is 
usually given off from the basal surface of the cell, and passes from this point 
directly inward to the white matter of the cerebral medulla. 

Large Pyramidal Cell Layer. — The fourth layer, that of the large pyramidal » 
cells, IS also a thick layer. Us cells are of the same shape, and distribute their 
processes after the same manner as those of the small pyramidal cell layer. The 
motor area is specially characterized by the large size of the cells of this laver. 
The largest of these, the cells of Bets, are about six times as large as the small 
pyramidal cells, which have a fairly uniform size of about ten microns. 

Inner Polymorphous Cell Layer.— The fifth, or inner polymorphous cell layer, 
is thicker than the preceding. Its cells are of very varied form— pyramidal, stellate, 
fusiform and granule cells— and are less densely packed than is the case in the 
more superficial layers. They are intermediate in size, between the cells of the 
second and the third layers. The axons of the inner polymorphic cells, in large 
part, pass to the white matter of the medulla, though some of them are distributed 
laterally to neighboring convolutions. Their dendrons are partially distributed 
within the layer in which they arise, but by far the larger portion pass to the 
more superficial pyramidal cell layers. Many of the nerve cells of this layer ca 
the granule cells, are very small, their nucleus being covered with an extremely 
narrow shell of cytoplasm. ^ 

It IS noticeable that, as a rule, the dendronic processes from the cells of all 
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five layers are distributed either in the same plane as their cell Ixxlies, or they 
pass toward the surface, where many of them enter the superficial molecular 
layer. The axons, on the other hand, arc directed inward toward the white matter 
of the cerebral medulla, in which they pass, cither as association or as projection 
fibers, to many very distant parts. Notable exceptions to this latter rule, however, 
are the so-called cells of Marlmolti, which occur 
to some extent in all layers, but whicli, though 
found in the pyramidal layers, arc especially 
numerous among the polymorphous and granule 
cells. They are small poly-morphic cells, which 
send their axons to the superficial molecular 
layer, giving off collaterals on their way. The 
small pyramidal cell layer is regarded as gen- 
erally associative in function. The large pyrami- 
tbal cells of Betz are motor; the cells of the gran- 
ular layer are sensory elements. The poly- 
morphous cell layer is thought to preside over 
lower cortical functions, such as those which are 
conccnied in securing food, satisfying sexual 
instinct, etc. 

The later histologic researches of Campbell 
(1905) and of Brodman (1906), and the ex- 
periments of Cushing (1909) and of Sherring- 
ton have shown that in the adult mammalian and 
human brain the psychomotor (Betz cell) area 
is entirely prerolandic (precentral), the area for 
bodily sensibility postrolandic. 

The cell types in other portions of the cortex 
correspond closely to those of the motor area. 
There are, however, slight but characteristic vari- 
ations which are worthy of notice. 

Parietal Lobe. — ^The cortex of the parietal 
lobe (also of the frontal, tcmt'oral, convex sur- 
face of the occipital lobes, and the insula) — 
sensory area — presents a seven-layer type, the 
additional layers resulting from an aggregation 
of the granule cells into one plane, which thus 
divides the large pyramidal cell layer. This type, 
therefore, presents the following layers; molecular or tangential fiber layer, outer 
polymorphous cell layer, small pyramidal cell layer, outer large pyramidal cell layer, 
granule cell layer, inner large pyramidal cell layer and the inner polymorphous cell 
layer. 

The distribution of this cortical type is suggestive of a close relation to the 
great association centers. Moreover, its most noticeable characteristics are the 



Fig 541.— Disposrrjox of the 
Nerve Fiders ik the Cerecbal 
Cortex of Man 
Between the vertical bands of 
radtal fibers are the areas of «i- 
ierradial feliwork. The sufram- 
dial fcihvork includes the tangen- 
tial fiber layer or stratum sonale 
and the stripe of Bech- 
terew (5«bjn.P.), cz, subpial 
neurogliar layer, Cl P P., outer 
stripe of Baillarger ; Pol.P , inner 
stripe of Baillarger , IV , white 
matter. (From Barker, after L. 
Andriezen.) 
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abundance of its granule cells and the relative paucity of pyramidal cells, especially 
those of the giant pyknomorphic variety. 

Visual Area. — In the visual area — median surface of the occipital lobe — the 
formation is described as either a six or an eight layer type. The pyramidal cell 
layers are .reduced to extreme thinness, the giant pyramids being noticeably de- 
ficient. The stripes of Baillargcr, thin layers of tangential fibers on the deeper 
portions of the cortex, are especially distinct. So many granule cells are scattered 
among tliose of the P3ramrdal t^iie tliat it becomes scarcely possible to distinguish 
from one another the second, third, and fourth layers. When these three layers 
are individually considered, the type presents eight layers; if, however, they are 
collectively considered as one stratum, the tj'pe presents six laj-ers. With this 
resen-ation, the following layers may be distinguished: molecular or tangential 
fiber layer, outer polymorphous cell layer, small pyramidal cell layer, the layer 
of granule and large pyramidal cells, the outer stripe of Baillarger (great pyramidal 
plexus); the granule cell layer, the inner stripe of Baillarger (polymorphous plexus) 
and inner polymorphous cell layer. 

The special characteristics of the visual area arc the abundance of tangential 
fibers, as evidenced by the prominent stripes of Baillarger, the thick fiber layer 
in the deeper part of the molecular stratum, the abundance of granule cells, the 
paucity and irregular form of the pyramidal cells, and finally tlie presence in 
the inner stripe of Baillarger and in the outer portion of the deep polymorphous 
cell layer of numerous large isolated multipolar cells, the giant solitary cells of 
Mcynert. The outer stripe of Baillarger is especially prominent in the visual area 
(area striata) and is here known as the band of Vicq d’Azyr or the stripe of 
Gennari, 

Auditory Area. — In the auditory area — temporal lobe — the seven-layer type 
is found. The structure in this area is apparently identical with that previously 
described for the seven-layer type in the parietal lobe. 

Olfactory Area. — In the olfactoiy area — hippocampal gyrus — the cells of the 
outer polymorphous layer arrange themselves in groups, and the pyramidal cells 
become largely transformed into polymorphic and fusiform cells; these lie be- 
tween the characteristic outer layer and the inner layer of polymorphic cells, 
thus giving to the cortex of this region a three-layered structure of indistinct out- 
lines. 


Fiber Tracts . — The corticifugal axons of the cells of the several layers are 
collected below the upper level of the large pyramidal cell layer into vertical 
columns which pass to the medulla as the hands of radial fibers, fn these same 
columns course also the corticipetal axons. The cortex thus becomes divided 
vertically into cell rays and fiber rays, as was mentioned above. Between the 
fiber columns the dendronic network is known as the interradial feltwork ■ periph- 
«a to where the fiber rays begin, this dendronic network forms the supraradial 

pyramidal cell layer, abundant horizontal 

We ,‘‘1 uT "ri-fr of Baillarger. Between 

ge pyramidal cell layer and the outer polymorphic cell layw, a similar 
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five layers are distributed either in the same plane as their cell bodies, or they 
pass toward the surface, where many of them enter the superficial molecular 
layer. The axons, on the other hand, arc directed inward toward the white matter 
of the cerebral medulla, in which they pass, cither as association or as projection 
fibers, to many very distant parts. Notable exceptions to this latter rule, however, 
arc the so-called cells of Martinolli, which occur 
to some extent in all layers, but whicli, though 
found in the pyramidal layers, are especially 
nuntcrotts among the polymorphous and granule 
cells. They arc small polymorphic cells, which 
send their axons to the superficial molecular 
layer, giving off collaterals on their way. The 
small pyramidal cell layer is regarded as gen- 
erally associative in function. The large pyrami- 
d.il Cells of Betz are motor; the ceils of the gran- 
ular layer arc sensory elements. The poly- 
morphous cell layer is thouglit to preside over 
lower cortical functions, such as those which are 
concerned in securing food, satisfying sexual 
instinct, etc. 

The later histologic researches of Campbell 
(1905) and of Brodman {1906), and the ex- 
periments of Cushing (1909) and of Sherring- 
ton liave sliown that in the adult mammalian and 
human brain the psychomotor (Betz cell) area 
is entirely prerolandic (precentral), the area for 
bodily sensibility postrolandic. 

The cell types in other portions of the cortex 
correspond closely to those of the motor area. 
There are, however, slight but characteristic vari- 
ations which are worthy of notice. 

Parietal Lobe. — ^The cortex of the parietal 
lobe (also of the frottfal, teviporal, convex sur- 
face of the occipital lobes, and the insula) — 
sensory area — presents a seven-layer type, the 
additional layers resulting'from an aggregation 
of the granule cells into one plane, which thus 
divides the large pyramidal cell layer. This type, 
therefore, presents the following layers: molecular or tangential fiber layer, outer 
polymorphous cell layer, small pyramidal cell layer, outer large pyramidal cell layer, 
granule cell layer, inner large pyramidal cell layer and the inner polymorphous cell 

layer. . 

The distribution of this cortical type is su|^estive of a close relation to the 
great association centers. Moreover, its most noticeable characteristics are the 



Fic. 541.— Disposition of the 
Nerve Fioebs r.v the Cebebral 
Cortex of Man. 

Between the vertical bands of 
radial fibers are the areas of i«- 
tcrradial fclttvork. The siifirara- 
dial felttt'ork includes the tangen- 
tial fiber layer or slraltim zottale 
(A/.P.), and the stripe of Bech- 
terew {SithmP.), cs, subpial 
neurogliar layer, GiP.P, outer 
stripe of Baillarger; PoI.P , inner 
stripe of Baillarger , fP , white 
matter. (From Barker, after L 
Andriezen ) 
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aWtoe oi Hs granule cells and the relative paucity of pyramidal cells, especially 
those of the giant pyknomorphic variety. 

Visual Area.— In the visual area— median surface of the occipital lobe— the 
formation is described as either a six or an eight layer type. The pyramidal cell 
layers are .reduced to extreme thinness, the giant pyramids being noticeably de- 
ficient. The stripes of Baillarger, thin layers of tangential fibers on the deeper 
portions of the cortex, are especially distinct. So many granule cells are scattered 
among those of the pyramidal type that it becomes scarcely possible to distinguish 
from one another the second, third, and fourth layers. When these three layers 
are individually considered, the type presents eight layers; if, however, they are 
collectively considered as one stratum, the type presents six layers. With this 
reservation, the following layers may be distinguished: molecular or tangential 
fiber layer, outer polymorphous cell layer, small pyramidal cell layer, the layer 
of granule and large pyramidal cells, the outer stripe of Baillarger (great pyramidal 
plexus); the granule cell layer, the inner strii^e of Baillarger (polymorphous plexus) 
and inner polymorphous cell layer. 

The special characteristics of the visual area arc the abundance of tangential 
fibers, as evidenced by the prominent stripes of Baillarger, the thick fiber layer 
in the deeper part of the molecular stratum, the abundance of granule cells, the 
paucity and irregular form of the pyramidal cells, and finally the presence in 
the inner stripe of Baillarger and in the outer portion of the deep polymorphous 
cell layer of numerous large isolated multipolar cells, the giant solitary cells of 
Meyuert. The outer stripe of Baillarger is especially prominent in the visual area 
(area striata) and is here known as the band of Vicq d'Azyr or the stripe of 
Gennari. 

Auditory Area. — In the auditory area — temporal lobe — the seven-layer type 
is found. The structure in this area is apparently identical with that previously 
described for the seven-layer type in the parietal lobe. 

Olfactory Area. — the olfactory area — ^hippocampal gyrus— the cells of the 
outer polymorphous layer arrange themselves in groups, and the pyramidal cells 
become largely transformed into polymorphic and fusiform cells; these lie be- 
tween the characteristic outer layer and the inner layer of polymorphic cells, 
thus giving to the cortex of this region a three-layered structure of indistinct out- 
lines. 


Fiber Tracts . — The corticifugal axons of the cells of the several layers are 
collected below the upper level of the large pyramidal cell layer into vertical 
columns which pass to the medulla as the bands of radial fibers. In these same 
columns course also the corticipetal axons. The cortex thus becomes divided 
vertica y into cell rays and fiber rays, as uiis mentioned above. Between the 
er coumns the dendronic network is known as the interradial fcltwork; periph- 
era to \v lere the fiber rays be^n, this dendronic network forms the supraradiol 
n ^or \ t about the middle of the large pyramidal cell layer, abundant horizontal 

py a ce layer and the outer polymorphic cell layer, a similar 
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liut narrower band is known as the iiuicr strife of Daillargcr. These stripes are 
most pronounced in the visual areas as was said above. Another hand of similar 
nature at about the outer limit of the small pyramidal ecll hyer forms the strife 
of nechlcrm Beneath the /leriphcial neurogliar marginal velum tile dendrons of 


Fk. 542 — Human Cortex CEREORif iforOR Area. 
a, tangential fiber layer; b, outer polymorpbous cells; c, small pyramiflal cells; if, large 
pyramidal cells, e, inner polymorphous cells. NissVs stain. Moderately magnified. (Schlapp.) 


Fie. 5.43 . — Hu-va.v Cortex Cebebr^ Parietal Lobe. 
n, tangential fiber layer, b, outer polymorplious cells; <■, small pyramidal cells; d, outer large 
pyramidal cells; e, granule cells; /. inner large pyramidal cells; g. inner polymorphous cells; 
/(, white matter of the medulla. Kissl’s stain Moderately magnified. (Schlapp ) 


Fic. 544 . — Homaw Cortex CeRebrj, Olpactorv Region-. 
a, tangential fiber layer; b, white matter of the medulla. Nissl’s stain Moderately magnified. 
(Schlapp.) 


the pyramidal cells branch and form thus a band of horizontal fibers, the iangenllol 
fiber layer or molecular fiber layer. These fiber bands are conspicuous only in 
specimens prepared with the Weigert technic. Botli corfe.v and medulla contain 
abundant neuroglia cells. Those contributing almost exclusively to the marginal 
velum are fusiform elements with /ateraJ tuffs of short horizontal fibers, and an 
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Fifl. 545 — Coronal Sfction of Meninges and Cerebral Cortex (Schematic) to Snow 
THE Relation of the Arachnoiw Vilu to the Dural Venous Sinus. 

(Redrawn from Weed.) 


Dura Mater.— The dura mater (pachymeninx) is the outermost of the three 
coats. Within the cranial cavity it is firmly attached to the bony walls, and serves 
as a periosteum for the internal surface of the bones which form the cranial 
cavity. Within the vertebral cavity the dura mater is distinct from the periosteum 
of the vertebrae, with which it is connected by loose fibrous tissue and masses of 
fat. which inclose large lymph spaces or chambers, lined with mesenchymal epithe- 
hum and collectively forming the epidural space. 

The dura mater is composed of interlacing bundles of fibrous tissue contain- 
ing few elastic fibers. The disposition of its fiber bundles varies somewhat in its 
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difTerent portions. In its spinal portion, most o( the Immilcs are longitudinally 
disposed, comparatively few passing circularly around tlie circumference of the 
vertebral canal; within the cranial vault the huiidlcs cross at acute angles; in the 
falces and in the tentorium cerebclU they are radially disposed. 

The cranial dura consists of two distinct layers, an outer, which is very 
TOscular and serves as the hony periosteum, and an inner, wbidi is but slightly 
v'ascular and may be considered as the dura proper. It is the inner layer only 
which is prolonged inward to form the falx cerebri and the falx and tentorium 
cerebeJIi. The venous dural sinuses of the cranium occupy clefts in the dura 
along the lines of attachment. 





ifyarr 


i t'f.ntt'ct /.'‘.c/* 
fit'ruir. nuny 


Fic. 546 — Schematic Diagram of LFProMCNiNcts and Cesebral Cortex to Show the 
Relation op the Subaraciisoio Space, Perivasculae Channels aho Nerve Cells. 
The leptommingeal lining cells are reflected inward for varying distances to form the lining 
cells of the perivascular space. (Weed.) 


Although the dura mater is but poorly supplied with blood vessels, it is rela- 
tively rich in lymphatics, which open into tlie subdural and epidural spaces and 
are continuous with the perivascular and perineural hTnphatics which leave the 
cerebrospinal cavities in company with the cerebral and spinal nerves and the 
larger blood vessels. In this way the lymphatics of the dura mater and its adja- 
cent spaces are in communii^tion with the lymphatic vessels of the eye, nose, ear 
and cervical lymph nodes. These communications are of special importance as 
indicating the path followed by certain pathological processes which involve the 
meninges. 

Where the outer surface of tlie dura is not attached to the surrounding bone 
or connective tissue, it is covered by a thin cndothelioid coat, the lining mesen- 
chymal epithelium of the epidural spaces. Its inner surface is lined with some- 
what thideer endothehoid cells, forming the wall* of the subdural space. The dura 
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contains sympathetic fibers for its blood vessels, and also naked spinal and cere- 
bral sensory fibers. 

Arachnoid.—The arachnoid is a thin membranous sheet which is suspended 
between the dura and the pia mater; together with the pia mater it constitutes 
the leptovieiiiux. It is composed ol a delicate areolar tissue which contains rela- 
tively few elastic fibers but is said to contain neither blood vessels, lymphatics 
nor nerves. This thin fibrous membrane is covered on cither side by a layer of 
mesenchymal epithelium; that ujxjn its outer surface consists of cells of consid- 
erable thickness, which are derived from the lining membrane of the inner wall 


C 



Fic. 547.— Section of the Spinal Cord and Its Membranes, from the Upper Thoracic 

RtClOH. 

a, dura mater; b, arachnoid, c, septum posticum; c, pia mater; subarachnoid trabeculae; 
n, nerve fiber bundles; g, hgamentum Uenticulatum; /, subarachnoid space. (From Schafer, after 
Key and Rttzms.) 

of the subdural space ; the cells upon its inner surface are thinner and are derived 
from the walls of the subarachnoid space. 

Delicate septa-hke bands pass from the inner surface of the arachnoid to the 
adjacent portions of the pia mater (Fig, 547). These processes are likewise 
invested by the endothehoid lining of the subarachnoid space. A similar invest- 
ment clothes the processes of the hganiejititm dcnJictdofttni of the spinal cord 
which attaches the pia mater spinalis on either side to the adjacent portions of 
the dura mater. Subarachnoid trabeculae support the nerve fibers of the dorsal 
roots. 

A fibrous septum passing from the arachnoid to the pia mater, along a line 
opposite the dorsal median septum of the spinal cord, forms a fairly definite 
partition, the septum posticum. In the cervical region this is an interrupted sep- 
tum, but in the thoracic and lumbar regions it become.^ more or less complete. 

The cranial arachnoid, in the vidniiy of the cranial sinuses, notably the 
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superior longitudinal sinus, sends outward many villus-like projections or arach- 
iwid villi (pacchionian bodies; granulatioitcs araclwohhlcs). They protrude into 
the venous sinuses to such an extent as often to produce corresjxjiiding depres- 
sions in the inner surface of the bones of the cranial vault, into which they push, 
carrying before them a much attenuated portion of the dura mater. These villi 
are similar in structure to the membranous portion of the arachnoid. They are 
said to be absent at birth, small and inconspicuous in childhood, and to increase 
in size and number as age advances. 

Fluid injected into the arachnoid or into the neighboring portions of the 
subarachnoid space passes readily into the Ij-mph spaces of the dura mater, and 
may even be forced into the venous cavity of the cranial sinuses. While fluid 
thus injected may follow artificial rather than natural channels, it seems quite 
possible that the cerebrospinal fluid may during life find its way along such 
channels into the venous sinuses' to the relief of excessive intracranial pressure. 

Pia Mater. — The pia mater is intimately atlhcrent to the surface of the brain 
and spinal cord. It follows all the irregularities of tlicir surfaces and sends 
prolongations into all their sulci. In the larger fissures these Invaginations form a 
double fold of pial tissue; in the smaller, the invaginated portions fuse to form 
a thin septum-like prolongation of the pia. In this particular the pia mater differs 
from the arachnoid, which bridges over all the sulci without dipping into any but 
the largest fissures. It differs also from the dura mater which, with the exception ’ 
of the falces and tentorium, is not prolonged into any of the fissures or sulci of 
either the brain or the spinal cord. 

The pia mater is a connective tissue membrane and is divisible into an inner 
and an outer layer. The outer layer Is composed of coarse fibrous bundles the 
most of which in the pia mater of the spinal cord nm longitudinally, while the 
finer fibers of the thin inner layer are circularly arranged. 

Between the two layers are many blood vessels and lymphatics, the pia mater 
being typically a vascular membrane. Tlie larger blood vessels are loosely embedded 
in the outer surface of the pia, some of them projecting into or even lying entirely 
within the subarachnoid space. The outer surface of the pia mater, as also the 
sheaths of the vessels which are loosely attached to its surface, is covered with 
a layer of very thin endothelioid cdls derived. from the lining membrane of the 
subarachnoid space. 

The inner surface of the pia is everywhere firmly adherent to the surface of 
the brain and spinal cord. Tlie slender trabeculae and septalike processes which 
extend into the superficial portions of these organs, consist of connective tissues 
whose fibrous bands are continuous with those of the membranous pia mater. In 
the spinal cord many of these fibrous bundles extend inward as far as the gray 
matter meanwhile becoming intimately associated with neuroglia. In both the 
spinal cord and the brain the pial septa serve for the support of numerous blood 
vessels and perivascular lymphatics which are distributed through this connective 
tissue to all portions of the brain and spinal cord. 

Within the cranium, reduplications of the pia mater, carrying between their 



THE MENINGES AND BLOOD SUPPLY 5^7 

folds a layer of arachnoidal tissue and an extensive plexus of small blood vessels, 
push their way into the cerebral ventricles to form the superior and inferior 
tclae choroidrae. These choroid plexuses are separated from the ventricular cavi' 
ties by an investment of cuboidal cells, which in fetal and infantile life arc 
ciliated, and which are derived from and are continuous with the 
lining the walls of the ventricles. Thus the Wood vessels of the telae choroideae, 
in the strictest anatomical sense, He without and not within the cavity of the 
cerebral ventricles, for they are everywhere separated from those cavities by the 
ependyma cells, which, ontogenetically at least, form a portion of the wall of 
these vesicles. The cerebrospinal fluid is supposed to originate largely by process 
'f- of filtration from the blood vessels of these choroid plexuses. 

The pia mater contains mostly sympathetic fibers, but probably also a few 
sensory’ cerebrospinal fibers. 

The peculiar arrangement of the three constituent membranes of the meninges 
leaves three distinct spaces or connected groups of spaces which are filled with 
fluid These are the epidural, subdural and sularachnoidal spaces. 

Epidural Space . — The epidural space comprises a connected scries of lymph 
cavities, which is of limited extent within the cranium, but of broad extent 
within the spinal canal. These spaces are lined with mesenchymal epitheliuni 
and arc at many points continuous with the perivascular and perineural lym- 
phatics and through them with the lympliatic vessels of the general systemic 
circulation. Obviously the epidural spaces serve as large lymphatic vessels and 
their cavities are consequently filled with lymph. 

Subdural Space , — The subdural space has a complete lining of rather tluclc 
endothelioid cells, i mesenchymal epiihclmm. The walls of this cavity are formed 
by the dura on the outer, and the arachnoid on the inner side. The cells covering 
the arachnoid are of ectodermal origin according to Leary and Edwards.* The 
cavity is occupied by lymph and is continuous with the lymphatic cliannels <xi the 
dura, and through them with the epidural spaces and s}’stemic ly’mphatics. 

This space is penetrated by the outgoing cerebral and spinal nerves, which 
receive an investment from all three of the meningeal coats The three layers 
composing this investment soon lose their distinctive characteristics, fuse together, 
and blend with the epineurium of the nerve trunks. 

Fluid injected into the subdural space may be readily forced into the lym- 
phatics of these epi- and perineural sheatlis and may thus travel to parts quite 
remote from the central nervous system. 

Subaradmoid Space . — The subarachnoid space is lined with a thin endo- 
thelioid layer, its outer wall being formed by the arachnoid, its inner by the outer 
surface of the pia mater; its cavity is blled with cerebrospinal fluid, which 
closely resembles, yet differs somewhat in chemical composition from tire lymph. 
It contains a few lymphocytes, estimated at five per cubic millimeter of "fluid. 
This space is in communication through the foramen of Majendie, an opening 
m the roof of the fourth ventricle, with the central canal o f the spinal cord and 
* Leary and Edwards, 1933. 
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the ventricular cavities of the brain. It is also thought to communicate with the 
cerebral ventricles at several other points. 

The subarachnoid space within the cranium is of limited breadth, but wthin 
the spinal canal it is much broader and contains not only the larger blood vessels 
which are loosely attached to the surface of the pia, but also the many spinal 
nerve roots pass downward through this space toward their foramina of exit. 

The spinal portion of the suliarachnoid space is crossed by a posterior median 
septum, the septum posticum, laterally by the ligamentum dcnticulatum, and by 
several irregular but incomplete septa which, like the ligamentum posticum, con- 
nect the pia mater with the arachnoid. 

The ligaiucvtum daiticuhluui is a dense mass of fibrous tissue containing a 
few elastic 'fibers, which, beginning at the lateral surface of the pia as a complete 
septum, passes, by about twenty-eight serrations, across the subarachnoid space, 
and pushing the arachnoid before it, is attached to the inner surface -of the dura 
mater. The serrations of the dentate ligament do not penetrate the subdural 
space, for around the point of their attachment the surface of the arachnoid is 
firmly adherent to the dura mater. Each serration is invested by an endothelioid 
coat continuous with the lining of the subarachnoid space. 

Blood Supply. — ^The blood supply of the central nervous system is derived 
from vessels which lie within the folds of the pia mater, branches of the internal 
carotid and the vertebral arteries. The larger arteries form an anterior longitu- 
dinal group represented in the spinal cord by the anterior spinal artery and its 
branches, and in the brain by the vessels of the circle of jyUlis and their imme- 
dfate branches. 

Two sets of vessels may be said to be distributed from these sources — one 
of which is distributed through the pia mater to the adjacent white matter of 
the spinal cord and to the gray pallium of the brain; the other penetrates the 
spinal cord through the anterior median fissure by a series of small fissural 
arteries to be distributed to the central gray matter, and in the brain is repre- 
sented by the branches of the middle cerebral arteries which penetrate directly 
to the ganglionic gray matter in the interior of the cerebrum. 

In the spinal cord the vessels of the former set are mostly distributed to the 
white cortex. The larger branches, however, penetrate the white matter and aid 
in the formation of the capillary network of the gray medulla. In the brain their 
distribution is similar, the smaller pial vessels, the cortical arteries, being dis- 
tributed to the cortex, which in this case is formed by the gray matter; the 
larger, the medullary arteries, penetrating to the white medulla in which they 
break up into capillary vessels. 

The veins trend in the opposite direction and in the pia mater collect into 
large vessels, which in the brain oj^n into the sinuses of the dura mater, and 
which in the spinal cord form the ventral and dorsal median veins. 

All the larger vessels receive thin fibrous investments from the pia mater; 
the smaller vessels and capillaries are surrounded by neuroglia (dendroglia). 

There are frequent anastomoses between the larger veins. The arteries, how- 
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ever, are all icrmwal arteries according to Cohnheim’s classification, possessing 
no anastomoses with the capillary areas of other vessels. 

Neither brain nor cord, possess true lymphatics The sole lymphatic repre- 
sentatives within the central nervous sj'stem are pericellular and perivascular 
spaces communicating with suhpial spaces and ultimately through uncertain clefts 
and channels with the subarachnoid spaces. 

The bulk of the cerebrospinal fluid is secreted by the cells of the choroid 
plexuses directly into the cerebral ventricles. It escapes into the subarachnoid 
spaces through the roof of the fourtli ventricle. From here it is absorbed into 
the dural venous sinuses by way of the arachnoid villi. A small quantity of 
cerebrospinal fluid is contributed also by the blood capillaries of the central 
nervous system. The hmph-Uke fluid passes from these capillaries directly into 
the pcncapillary spaces and thence to each ner\’e cell or outward through the 
perivascular channels to the subarachnoid spaces Besides the fluid which escapes 
through the venous sinuses of the dura a small amount drams also by way of 
the perineural spaces indirectly into the lymphatic system.® 

®W«ed, 1917. 
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THE EYE 

The eye may he said to consist of the visual organ, or globe, and its appendages 
—the eyelids, conjunctiva and lacrimal ap|wratiss— whose ftmctioii is ciiiefly 
protective. 

The glolie of the eye, or eye proper, is containcfl within the cavity of the 
orbit, its posterior two-thirds being cinbcddetl in a mass of intraorhital fat whose 
inner surface is covered hy a thin fibrous membrane or fascia which is clothed with 



Fig. 548 — Dissection- of Evrtins and LACRtsiAi, Apparatus. 

7 , upper lacrimal gland , 2, lower lacrimal gland and excretory ducts ,* 3, moutlts of excretory 
ducts; 4, tarsal (meibomian) glands; 5, puncta lacrimatia; 6, lacrimal canaliculi; T> lacrimal 
sac and nasal duct; 9, caruncula (Fox.) 

mesenchymal epithelium. The epithelium is reflected from this fascia to the sur- 
face of the ocular globe, along a line just posterior to the border of the conjunc- 
tiva, whence it passes over the surface of the globe as far posteriorly as the optic 
nerve, on the surface of which it again becomes continuous with the mesenchymal 
epithelium of the fascia. Thus a serous sac or lymphatic space is formed by- the 
parietal layer of this sac, which lines the orbital cavity, in conjunction with the 
visceral layer which covers tlie postenor two-thirds of the globe of the eye; this 
sac is the capsule of Tenon. 

The anterior third of tlie globe is covered by a reflection, at the fornix con- 
iunctivae, of the conjunctival layer which clothes the inner surface of the palpebrac 
S70 
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or eyelids. The conjunctiva is a continuation of the integument of the lid, modified 
so as to simulate a mucous memlintne. The portion associated with the eyelid is 
known as the palpctmi conjunctiva, ttet covering the eye as the ocular, hulhar 
or scleral conjunctiva. Where the sclera passes into the cornea, the conjunctival 
epithelium becomes continuous with the anterior corneal epithelium, the lamina 
propria blending with the corneal stroma. 



Fig. S49 — HoRxzoNTAt Suction ou Tnu Right Eyubm.u. 
(From Fox, after Xfagnus.) 


The globe of the eye or eyeball is a spheroidal body whose surface consists of 
three coats, an outer, middle and inner, and whose contents arc the vitreous and 
aqueous humors and the crystalline lens. 

The eyeball is not a true sphere, but may be said to comprise segments of two 
spheres, the smaller of which is inserted into the anterior surface of the larger, 
The anterior or smaller segment consists chiefly oi transparent tissues which 
permit the entrance of light. Its Iwrder nearly corresponds to the posterior margin 
of the ciliary body, and it may be approximately indicated by a parallel circle 
midway between the margin of the cornea and the equator of the eyeball. The 
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THE EYE 

The eye mny he saul to consist of the visual orjjan. or slolxJ, and its appendages 
—the eyelids, conjunctiva and lacrimal apiwratus— whose fimclion is chiefly 
protective. 

The glol>c of the eye, or eye projicr, is contained within the cavity of flic 
nrbit, its posterior two-thirds being cmt)C{tde<l in a mass of intraorbital fat whose 
inner surface is covered hy a thin fibrous membrane or fascia which is clothed with 



FlC S48. — DlSStCTlON OP EvtLlOS AKO IjVCRIMAL Ari'ARATOS 
/, upper lacrimal gland ; i, lower lacrimal gland and excretory ducts; 3, moutli's of excretory 
ducts; 4, tarsal (meibomian) glands; 5, puiicta (acrimalia; d, lacrimal canaliculi; /, lacrimal 
sac and nasal duct; S, caruncula. (Fox.) 

mesenchymal epithelium The epilhelium is reflected from this fascia to the sur- 
face of the ocular globe, along a line just posterior to the border of the conjunc- 
tiva, whence it passes over the surface of the globe as far posteriorly as the optic 
nerve, on the surface of which it again becomes continuous with the mesenchymal 
epithelium of tlie fascia. Tlius a serous sac or lymphatic space is formed by the 
parietal layer of this sac, which lines the orbital cavity, in conjunction with the 
visceral layer which covers the posterior two-thirds of the globe of the eye; flu’s 
sac is the capsule of Tenon. 

The anterior third of the globe is covered by a reflection, at tlie fornix con- 
iunctivae, of the conjunctival layer which clothes the inner surface of the palpebrac 
^ ’ 570 
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or eyelids. The conjunctiva is a continuation of the integument of the lid, modified 
so as to simulate a mucous membrane. The portion associated with the eyelid is 
ktiown as the palpebral conjunctira. tliat covering the eye as tlie ocular, bulbar 
or scleral conjvinctiva. Where the sclera passes into the cornea, the conjunctival 
epithelium becomes continuous with the anterior corneal epithelium, the lamina 
propria blending wdth the corneal stroma. 



t/efra) eptKttt 

Fic. 54g..~HoRfzoNTAi. Section of Tut Right EvEBAcr.. 

(From Fox, after Magnus.) 

The ghhe of the ey(f or cyehaU is a spheroidal body whose surface consists of 
three coats, an outer, middle and inner, and whose contents are the vitreous and 
aqueous humors and the crystalline lens. 

The eyeball is not a true sphere, but may be said to comprise segments of two 
spheres, the smaller of which is inserted into the anterior surface of the larger. 
The anterior or smaller segment consists chiefly of transparent tissues which 
permit the entrance of light. Its border nearly corresponds to the posterior margin 
of the ciliary body, and it may be approximately indicated by a parallel circle 
nudway between the margin of the cornea and the equator of the eyeball. The 
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anterior segment contains the cornea, the sclcrocorncal Junction, the anterior and 
posterior cliatnbers. the aqueous humor, the iris and the ciliary body. The posterior 
segment comprises the posterior two-thirds of the eyeball and includes the sclera, 
choroid, retina, and, within these coats, the vitreous humor. The crystalline lens 
with its suspensory ligament fonns, as it were, a partition separating the two 
segments. 

The optical or visual axis of the eje is a horizontal, anteroposterior, imaginary 
line, about an inch in length, which extends from the center of the cornea through 
the anterior chamber, the center of the pupillary* opening of the iris, the center 
of the crystalline lens, and the center of the vitreous lutmor, and reaches the 
fovea centralis which lies in the middle of a thickened portion of the retina, the 
macula lutca. The vertical and transverse axes measure about 1 millimeter less 
than the anteroposterior axis. Toward tlic inner side, at a distance of 3.5 milli- 
meters, and about i milfimcter l)cIow the center of the fovea centralis, is the 
entrance of the optic ncn-c. This nerve pierces the coats of the eye, its fibers 
spreading out in a radial manner, upon the inner surface of the retina. 

The extremities of the visual axis mark the two poles of the ocular globe; the 
anterior extremity, lying in the center of the cornea, is in the anterior or smaller 
spheroidal segment, the posterior extremity, in the fovea centralis, lies in the 
posterior segment of the C)C. 

THE EXTERNAL COAT, THE FIBROUS TUNIC 

The outer tunic of the eyehall (tunica fibrosa ocitli) includes the cornea, the 
sclera and the sclerocorneal junction. 

The Cornea 

The cornea is a concavoconvex, transparent, colorless disk of approximately 
equal thickness (i millimeter) throughout all its portions. It is nearly circular in 
outline, its horizontal exceeding its vertical diameter by only 0.5 millimeter; its 
external surface is convex, its internal surface concave. The cornea forms the 
anterior one-sixth of the tunica externa, and represents a spheroidal segment 
whose radius is somewhat shorter than that of the posterior segment of the eye- 
ball. It is inserted into the anterior maigm of the sclera much after the manner 
in which a watch-glass is set in its nm; hence the inner surface of the cornea 
possesses a sbghtly greater diameter than the outer. 

Structure. — The cornea may be said to consist of five layers: the anterior 
epithelium; the anterior homogeneous membrane; the corneal substance; ^the 
posterior homogeneous membrane; the posterior epithelium. 

Anterior Epithelium — ^The anterior epithelium (corneal epithelium, corneal 
conjunctiva) at the margin of the cornea is continuous with the scleral portion 
of the conjunctiva. It consists of a relatively thin layer — six to eight cells deep — 
of stratified squamous epithelium, the deepest cells of which are elongated or 
columnar, the middle cells polyhedral, and the superficial cells somewhat flattened 



Fio 550. ^The Anteewr Segment or a Chilo's Eye; Mebiiuonal Section. 

a, ora serrata; b, ciliary processes; c, in's; d, crystalline lens; c, ciliary muscle; f, ocular 
inj'unctiva; g, cornea; h, the capsule of the lens, partially detached. Hematein and cosin. 
hoto. Xio. 
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anterior segment contains the cornea, the sclcrocomcal junction, the anterior and 
posterior chambers, the aqueous humor, the iris and the ciliary body. The posterior 
segment comprises the posterior two-thirds of the eyeball and includes the sclera, 
choroid, retina, and, within these coats, the vitreous humor. The crystalline lens 
with its suspensory ligament forms, as it were, a partition separating the two 
segments. 

The optical or visual axis of the eye is a horizontal, anteroposterior, imaginary 
line, about an inch in length, which extends from the center of the cornea through 
the anterior chamber, the center of the piipillarj* opening of the iris, the center 
of the crystalline lens, and the center of the vitreous humor, and reaches the 
fovea centralis which lies in the middle of a thickened portion of the retina, the 
macula lutea. The vertical and transverse axes measure about i millimeter less 
than the anteroposterior axis. Toward the inner side, at a distance of 3.5 milli- 
meters, and about i millimeter l>clow the center of the fovea centralis, is the 
entrance of the optic ner\’C. This nerve pierces the coats of the eye, its fibers 
spreading out in a radial manner, ui>on the inner surface of the retina. 

The extremities of the visual axis mark the two poles of the ocular globe; the 
anterior extremity, lying in the center of the cornea, is in the anterior or smaller 
spheroidal segment, the posterior extremity, in the fovea centralis, lies in the 
posterior segment of the eye. 

THE EXTERNAL COAT, THE FIBROUS TUNIC 

The outer tunic of the eyeball (tunica fibrosa ocuH) includes the cornea, the 
sclera and the sclerocorncal junction. 

The Cornea 

The cornea is a concavoconvex, transparent, colorless disk of approximately 
equal thickness (i millimeter) throughout all its portions. It is nearly circular in 
outline, its horizontal exceeding its vertical diameter by only 0.5 millimeter; its 
external surface is convex, its internal surface concave. The cornea forms the 
anterior one-sixth of the tunica externa, and represents a spheroidal segment 
whose radius is somewhat shorter than tliat of the posterior segment of the eye- 
ball. It is inserted into the anterior margin of the sclera much after the manner 
in which a watch-glass is set in its rim; hence the inner surface of the cornea 
possesses a slightly greater diameter than the outer 

Structure. — The cornea may be said to consist of five layers: the anterior 
epithelium; the anterior homt^eneous membrane; the corneal substance; 'the 
posterior homogeneous membrane; the posterior epithelium. 

Anterior Epithelnun — The anterior epithelium (corneal epithelium, corneal 
conjunctiva) at the margin of the cornea is continuous with the scleral portion 
of the conjunctiva. It consists of a relatively thin layer — six to eight cells deep — 
of stratified squamous epithelium, the deepest cells of which are elongated or 
columnar, the middle cells polyhedral, and the superficial cells somewhat flattened. 
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man’s membrane. At its margin the membrane is continuous with fibrous bundles 
which are directed outward into the ligamentura pcctinatum, and, at least in some 
animals, through this ligament into the ciliary margin ol the iris. The memhrane 
of Desceniet can be readily detached from the corneal substance by leasing. It 
prevents filtration of fluid from the anterior chamber into the corneal stroma. 



Fjc 552 . — From a Meridional Section* of the Husian Cornea. 
a, anterior corneal epithelium; b, anterior homogeneous membrane; c, substantia propria; 
d, posterior homogeneous membrane; c, posterior cornea! epithelium. Hematem and eosi'n. 
Photo. X180. 


Posterior EpithcUum . — ^The posterior epithelial layer {corneal endothelium) is 
a rhesenchymal epithelium consisting of clear, cuboidal or flattened cells, placed 
edge to edge, and bound togetlter by intercellular bridges. At the margin of the 
cornea it is reflected over the lateral wall of the anterior chamber to the anterior 
surface of the iris Its cells rest upon the posterior homogeneous membrane. 

AU the tissues of the cornea, during life, are absolutely transparent. The ele- 
ments of which they consist are of almost identical refractive indices, and about 
that of water, so that m fresh, or in living tissue, it is almost impossible for the 
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TJie cells at all levels are niiclcatetj and, like llie other corneal tissues, perfectly 
transparent. The columnar cells arc often slender and much elongated, their 
pointed apices extending well toward the surface of the epithelial layer. 

The epithelium rests directly tijjon tlie anterior homogeneous lamella. 

The deeper cells of the epithelium present distinct intercellular lymphatic 
spaces and intercellular bridges. Between the. cells are the terminal ramifications 
of nerve fibrils from the plexus in the comcal substance. 

Anterior Homogeneous The anterior homogeneous membrane 

{anterior basal lamella, clastic membrane of Hotcman) was formerly thought to 
consist of elastic tissue, but this sup^iosttion is disproved by its ready solubility 


on boding, as well as by the fact 



Fig. 551. — Isolated Cells from Corheal 
Epitkelicu or HoRSt X700. 
a and b, columnar cells of the basal layer . 
c. side view of cell from middle layer; c', 
under surface view of similar cell ; d, surface 
view of cell from superficial layer. (Ellcn- 
berger and v Schumacher.) 


it dots not react typically to the specific 
stains for this tissue. Bowman’s mem- 
brane is apparently a homogeneous or 
structureless lamina except that it is 
slightly fibrillar at its extreme margin 
where it becomes continuous with the 
fibrous tissue of the sclera. It resembles 
elastic tissue in that it is highly refractive 
and fiosscsses a shining glassy appearance. 
It docs not stain readily with the ordinary- 
dyes. 

Corneal Subslanee. — The corneal sub- 
stance {substantia frofria) forms the 
greater portion of the cornea. It consists 
of a Jamellated connective tissue, which 
fonns about sixty fibrous layers, parallel 
to the corneal surface. The fibrous 
bundles of these JamelJae, being arranged 
in meridional curves parallel to the sur- 
face, appear to cross one another at right 
angles in the central portion of* the circu- 
lar cornea. Other fibers, arcual fibers, pass 
from one layer to another ; so firmly 


uniting them that it is impossible to tease the cornea into its component lamellae. 

The intervals between the fibrous lajers are occupied by interlamellar cement, 
or ground substance, in which lymphatic channels and large flattened cells, the 
corneal corpuscles, can be demonstrated The corneal “corpuscles” are branched 
lamellar connective tissue cells, which occupy the large lymphatic spaces or lacunae 
of the interlamellar ground substance, and which send fiber-like processes into 


the interlacing lymphatic channels. 

Posterior Homogeneous Membrane. — The posterior homogeneous membrane, 
or membrane of Descemet {posterior basal lamella), is similar in structure to the 
anterior. Like the latter, though formerly considered an elastic membrane it does 
not give the specific reactions of elastic tissue. It is somewhat thicker than Bow- 
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man’s membrane, whence the terminal sensory fibrils penetrate the anterior 
epithelium. For a distance of several millimeters within the margin of the cornea 
special nerve endings (bulbous corpuscles) may also occur. 

The Sclera 


The sclera {sclerotic coat) is a firm opaque connective tissue membrane which 
forms the outermost lajer of the posterior segment of the eyeball. It consists of 
two layers, the- thick, firm, substantia propria, and the very thin, innermost, 
delicate, lamina fusca. 

By reflected light the sclera of the adult is of a lustrous white color. In the 
child it has a faint bluish tint, due to the presence of pigment in the deeper layers 
of the child’s eye which shows indistinctly through the relatively clear superficial 


tissues. The anterior portion of the sclera is 
covered by the bulbar conjunctiva and is 
familiarly known as the white of the eye. A 
yellowish patch in the vicinity of the corneal 
margin, known as the pingiicctda, may be 
present, especially in old age. It is believed 
to be due to irritation from dust, leading to 
colloid infiltration of the conjunctival 
stroma. 

That portion of the sclera which is pos- 
terior to the ocular equator is covered by the 
visceral layer of the capsule of Tenon ex- 
cept at the insertions of the straight and 
oblique muscles. The tendons of these 
muscles pierce the capsule and are obliquely 
inserted into the surface of the sclera in a 
line nearly corresponding to the equator of 



Fig S54— Corneal Cells, Isolated. 
Highly magnified. (Waldeyer.) 


the eye. The tendon bundles of the muscles are directly continuous with the fibrous 


bundles which compose the sclera. 


Substantia Propria. — The collagenous fibrous tissue of the sclera is disposed 
in bundles which are arranged along meridional and equatorial lines; they inter- 
lace with one another to form a dense network. A few elastic fibers are interspersed 
among the bundles of this network. Stellate connective tissue cells, the scleral 
corpuscles, lie in the interfascicular clefts. Occasional pigmented cells are also 
sometimes present. 

Lamina Fusca— The inner surface of the sclera presents a fine gauzy mem- 
brane which can be readily detached by teasing. This is the lamina fusca sclerae. 
It consists oi delicate interlacing fibrous bundles and numerous pigmented con- 
nective tissue cells. The lamina fusca near the posterior pole is firmly adherent 
to the scleral substance. 


At the posterior pole of the eye the sclera is pierced by the optic nerve whose 
numerous bundles penetrate the coats of the eyeball and give to this ’portion 
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microscope to discover any of the structure of the cornea. After ilcalb the comEi 
tomes opaque and its elements are then easily dislinguislied. 



Fic. SS3— Corkeal Corpuscles of the Feoc. 
a, as seen in tangential section; b, as seen in transection of the cornea, Oiioride of gold. 
Highly magnified. (Roilett ) 

Vascular and Nehre Supply.—Thc cornea itself is an absolutely nonvascular 
tissue, having neither blood nor fnie lymphatic vessels. It is, Jiowever, well sup- 
plied with nerve fibers, derived from the ciliary nerves, which form an annular 
plexus in the sclera about the margin of the cornea, from which point bundles 
of naked axis-cylinders pass into the comeal substance to form a basal plexus, 
near the anterior homogeneous membrane. From this latter plexus, fibers are dis- 
tributed to the corneal substance and to a subepithelial plexus, anterior to Bow- 
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to progressive increase of intra-ocular tension which causes atrophy of the optic 
nerve and the retina. 

Blood Supply. — ^The sclerocorneal junction is abundantly supplied with blood 
from the anterior ciliary vessels, which, with the posterior conjunctival vessels, 
form loops at the margin of the cornea and anastomose freely with the vessels of 
the ciliary body. The sclera contains no true l3Tnphatic vessels. 


THE MIDDLE COAT, THE VASCULAR TUNIC 

The middle tunic {uvea, uveal trad, tunica vasculosa ocitli) includes the 
choroid coat, ciliary body and ins. The latter is perforated centrally by an approxi- 
mately circular aperture, the pupil. 

The iris divides the cavity of the anterior segment of the eye into an anterior 
.chamber, included between it and the posterior or inner surface of the cornea, 
and a posterior chamber, which is bounded by the iris in front and the crystalline 
lens and its suspensory ligament behind. The free or pupillary margin of the iris 
is in light contact with the anterior surface of the lens. The posterior chamber 
is therefore an annular compartment. 

The Choroid Coat 

The choroid coat (tunica chorotdea) consists of three layers: the lamina supra- 
choroidea. the lamina vascularis and the lamina capillaris. The function of the very 
vascular choroid is to supply nutrition to the outer portions of the retina. 



Fig 555— From a Meridional Section of the Choroid Coat. 
a, membrane of Bruch ; b. the Inner margin of the vascular layer. Betiveen a and b is the 
capillary la3er or chonocapillans ; c, venule containing blood corpuscles; d, fibrous layer of the 
choroid or lamina suprachoroidea. Highly magnified. (Cadiat ) 

Lamina Suprachoroidea. — ^The lamina suprachoroidea (suprachoroid layer) 
is a very delicate membrane which contains many pigmented cells and is similar 
in structure to the lamina fusca of the sclera. 

The flattened pigmented cells are brownish-black in color from the many coarse 
granules which they contain, and are irregularly disposed, either separately or in 
groups. Lymphatic spaces occur between this layer and the sclera and conimuni- 
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of the scJcra a crihrose appearance. This area of tlic sclerotic coat js known as 
the hmwa ertbrosa sclerae. It is a circular zone whose border is outlined by the 
entrance of the posterior ciliary arteries and tlie ciliary nerves. This is the thickest 
portion of the sclera, the coat hccominfr progressively thinner toward the erjuator 
of the eye ; near its anterior margin it is again thickened by the tendinous inser- 
tions of the extrinsic muscles. These muscles arc the superior and inferior obliques, 
and the four recti. 

The sclera is chiefly supplied by branches from the posterior ciliary arteries, 
which form a wide-meshed plexus in its substance, its vessels anastomosing freely 
with those of the choroid coat. 

The nerves of the sclera are supplied by the ophtlialmic, as long and short 
ciliary branches. Of the extrinsic muscles attached to the sclera, the superior 
oblique is innervated by the fourth cerebral nerve, the trochlcarts; the lateral 
rectus by the sixth or abducens; and the remaining four by the oculomotor or 
third cerebral (cranial) nerve. 

The Sclerocorneal Jukctiok 

The sclerocorneal junction (Frg. 556) is a narrow circular zone at the margin 
of the cornea, where it is inserted into the sclera. Across this narrow zone the 
fibrous bundles of the opaque sclera are continued directly into the similar, though 
perfectly transparent, bundles of the corneal substance. 

The anterior or outer surface of this zone »s covered by the ocular portion 
of the conjunctiva. Its epithelium is of the stratified squamous variety and is con- 
tinuous with the anterior epithelium of the cornea. 

From the inner surface of this junctional zone the anterior extremities of the 
muscle fibers composing the ciliary muscle take their origin. The fibers ‘of this 
muscle intermingle with the marginal fibers of the posterior homogeneous layer 
of the cornea to form the lif/ailicnluin f’CcHnatuiti, which connects the sclerocorneal 
junction with the base of the iris. This pectinate ligament is very much more highly 
developed in certain animals, c.g-, cow and horse, than in man. 

Toward the inner side of the scleral margin and near the border of the cornea 
IS the canal of Schlcmm {sinus venosus schrac). This is an annular venous chan- 
nel (or network of channels), draining into the anterior ciliary veins. Though 
venous in character it serves also as a drainage channel for the lymphatic spaces 
of Fontana, which lie in the lateral wall of the anterior chamber and between 
the fiber bundles of the ligamentum pectinatum.^ The spaces of Fontana are 
true lymphatic spaces and are in communication with the anterior chamber of 
the eye. 

Through the canal of Schlemm, the aqueous humor of the anterior cliamber 
is put into communication with the veins of the sclera, and a system is thus formed 
by which the intra-ocular pressure is maintained at normal. A blocking of the 
canal of Schlemm interferes with the drainage of the anterior diamber, and 
produces the serious pathologic condition of the ej'eball, known as glaucoma, due 


1 Uribe, ip^l- 
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cate through the interfascicular lympliatic clefts of the sclera with the capsule 
of Tenon. 

The fibers of this layer arc not only distributed in its own plane but pass 
obliquely to the lamina ftisca, thus loosely attaching the suprachoroid layer to the 
sclera. Similar, obliquely disposed fibers pass to the deeper portions of the choroid, 
with the fibers of which they blend. 

Lamina Vasculosa. — The lamina vasculosa (vascutnr layer, choroid proper), 
so called because it contains the ramifications of the ciliary arteries and veins, 
is by far the thickest of the three layers of the choroid. It may be arbitrarily 
separated into an outer stratum, consisting chiefly of dense interlacing bundles 
of connective tissue fibers which inclose only the larger blood vessels, and an 
inner stratum of similar structure, but everywhere permeated by a close network 
of small vascular twigs. So dense is this network near the posterior pole of the 
eye, as to give the layer the appearance of an almost continuous sheath of small 
blood vessels. 

Lamina Oapillaris. — Within the vascular layer is the capillaiy membrane 
(lamina capiUaris, lamina choriocapUtaris, fnuiea JRtiyschiana), which contains 
an exceedingly close-mcsbcd capillary network. This network is specially dense 
near the macula lutca at the posterior pole of the eyeball. Its inner surface forms 
a very thin homogeneous membrane, the lamina lasalis, lamina vilrea or <«««• 
brane of Brueh, which increases somewhat in thickness as age adrances. The 
inner surface of the lamina hasalis is indented by the bases of the adjacent pig- 
ment cells of the retina Anteriorly the v'essels of the choriocapilbris, like those 
of the vascular layer, become continuous with the vessels of the ciliary body and 
iris. 

Between the pars vascularis and flie clioriocapillaris may be distinguished a 
narrow dense fibro-elastic boundary zone, free of pigment. In ruminants this 
layer becomes pronounced, due to the presence of robust connective tissue fibers, 
and is known as tiie iapetum fiOrostim. This layer gives to the eyes of ruminants 
their characteristic metallic luster. In the eyes of carnivora and certain fishes the 
tapetum is composed of rectangular epithelioid cells, filled with peculiar glistening 
crystals giving to these eyes an iridescent sheen, and is known as the tapetum 
ccllulosuvi. 


The Ciliary Body 

The ciliary body (corpus ciliare) represents the thickened anterior border of 
the choroid coat. It is, therefore, of annular shape and occupies a zone whose 
posterior border blends with the choroid at a point opposite the ora serrata of 
the retina, and whose anterior margin is continued into the iris opposite the sclero- 
comeal junction. 

The ciliary body may be said to consist of three structures arranged m layers 
of varying thickness : the ciliary muscle, the fibrous layer with its ciliary processes 
and that portion of the pigmented epithelium of the retina which constitutes the 
pars ciliaris retinae or cthary epithelium, and covers the inner surface of the 
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Appended to the inner surface of the fibrous layer are from 60 to 80 mericL 
tonally disposed folds of connective tissue which radiate from the base or outer 
margin of the iris to the margin of the choroid opposite the ora serrata. These 
are the cUiayy processes. The longer measure about 2.5 millimeters ; the shorter, 
comprising about one-third of the entire number, measure only about o 2 milli- 
meter. Their inner or free surface is covered by the pigmented retinal epithelium, 
and within these processes are contained the greater portion of the pigmented con- 
nective tissue cells of the ciliary body. Each fold is much deeper (about i milli- 
meter) toward its axial margin and becomes progressively diminished in height 
toward the choroid. 

The pigmented epithelial la>er is here and there invaginated into the fibrous 
tissue of the ciliary processes to form ampullate recesses (the cdiary glands), 
which somewhat resemble true secreting glands. These so-called glands have been 
supposed to be concerned in the' secretion of the aqueous humor. They are prob- 
ably not true secreting glands, but represent mere invaginations of the epithelium. 

Ciliary Epithelium. — ^The ciliary epithelium (pars ciliaris retinae) consists of 
a double layer of epithelial cells, continuous i>osterjorly with the retina, and in 
front with the pars indica retinae. The superficial (innermost) cells present a 
clear or slightly granular cytojdasin with a centrally situated nucleus. Their cyto- 
plasm IS but slightly pigmented, ami oftiimes is indistinctly rodded or fibrillated. 
In shape, these cells arc of the low columnar type, but they become progressively 
flattened toward the iris, where they arc continuous with ilie jiars iridica retinae. 
They represent a continuation of the sustentacular cells of the retina. 

The cells of the deeper (outer or anterior) layer vary in height from a low 
columnar at the ora serrata to a somewhat flattened cell near the iridal margin, 
and arc continuous with the pigmented cell layer of the retina This cell layer 
is deeply pigmented, the entire cytoplasm being filled with the dark brown pigment 
granules. The nucleus, however, as in the pigmented cells of the choroid, contains 
no pigment, and therefore, in unstained preparations, appears under the micro- 
scope as a clear opening in the dark background of pigmented cytoplasm. 

The Iris 

The iris (Figs. 550, 556) forms an annular curtain which projects from the 
anterior margin of the ciliary body toward the axis of the eye It presents a cen- 
tral circular opening, the pupil, which lies in the visual axis. 

The ins is suspended m the aqueous humor, its pupillary margin resting gently 
uiion the antenor surface of the lens, its base or ciliary margin being separated 
from the lens by an interval, the posterior chamber, which is also filled by tlie 
aqueous humor. 

The iris may he said to consist of three layers: the external epithelium, the 
fibrous stroma and the internal epithelium. 

External Epithelium. — The e.'ctemal epithelium (endothelium of the iris) is 
a mesenchymal epithelium continuous at the margin o! the anterior chamber 4th 
the posterior epithelial layer of the cornea, whtcli appears to be reflected upon the 
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ciliary hotly. The suspensory ligament of the crystalline lens is attached to the 
inner surface of the retinal epithelium of the ciliary processes and grooves. 

Ciliary Muscle.-— -The ciliary muscle consists of an annular mass of nonstriated 
fibers which arise from the inner surface of the sclera near the sclerocorneal 
junction, and arc inserted into the entire breadth of the fil)rous mass of the ciliary 
body as far back as the anterior margin of the clioroid. The muscle fibers arc 
divisible into three sets, according to the direction of their long axis; these arc 
the ineridiomi, the radio! an<l the circular. 

Meridional Pibers. — ^The nicridtoiial filjcrs form the outer and greater portion 
of the musclc.^They begin just posterior to the corneal margin, taking their origin 
from the inner surface of the sclera, and radiate backward in a meridional direc- 
tion for a variable distance, to be finally inserted into the fibrous bundles of the 
posterior half of the ciliary body (ciliary ring), the longest fiber bands passing 
as far back ns the choriociliarj' junction, xvlicre they arc attached to the anterior 
margin of the choroid. 

Radial Fibers, — The radial fil)er.s simulate the meridional fibers in that they 
radiate from the corneal niargitu They pursue, however, a shorter course. From 
their origin they pass backward with a sliarp inward curve to assume a direction 
whiclt approaches that of the radii* of the ocular globe (hence their name) ; they 
are inserted into the anterior half of the fibrous layer of the ciliary liody. Their 
radial disposition becomes progressively more apparent toward tlic axial margin 
of the ciliary body. These fibers are far less numerous than the meridional. 

Circular Fibers. — The circular fibers comprise numerous small nonstriated 
muscle bundles which arc interspersed among the bundles of radial fibers. They 
are disposed in a circular direction about the axial margin of the ciliary body on 
Its outer surface, and hence are in relation with the inner surface of the sclero- 
corneal junction and the outer margin of the base of the iris. The circular muscle 
fibers are also interspersed among the fibers of the ligamentum pectinatum, which 
pass in a radial manner from the margin of the posterior homogeneous membrane 
of the cornea to the base of the iris and anterior margin of the ciliary body. The 
circular fibers are said to be deficient or even absent in myopic eyes, but are exag- 
gerated in hypermetropic eyes. 

The disposition of the ciliary muscle fibers is such that during contraction 
the fibrous ciliary body and the base of the iris are drawn forward, the choroid 
is made tense, and the suspensory ligament of the lens is relaxed. The lens then 
becomes more nearly spherical because of its own plasticity. 

Fibrous Layer. — The fibrous layer of the ciliary body consists of connective 
tissue, and connects the fibrous portion of the choroid to the similar tissue of the 
iris. It is formed by a reticulum of the fine fibers in the meshes of which are 
numerous lamellar and a few pigmented cells. Buried within the outer portion of 
this fibrous mass and intermingling with its fibers are the fiber bundles of the 
ciliary muscle. Into the inner portion of the fibrous layer a vascular plexus is 
continued from the vascular and capillary layers of the choroid; branches of the 
ciliary artenes communicate with this plexus. 
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Appended to the inner surface of tlie fibrous layer are from 60 to 80 merid- 
ionally disjxosed folds of connective tissue which radiate from the base or outer 
margin of the iris to the margin of the choroid opposite the ora scrrata. These 
are the ciliary f>roccsscs. The longer measure about 2.5 millimeters ; the shorter, 
comprising about one-third of the entire number, measure only about 0.2 milli- 
meter. Their inner or free surface is covered by the pigmented retinal epithelium, 
and within these processes are contained the greater portion of the pigmented con- 
nective tissue cells of the ciliarj hotly. Each fold is much deeper (about i milli- 
meter) toward its axial margin and liccomes progressively diminished in height 
toward the choroid. 

The pigmented epithelial la\er is here and there invaginated into the fibrous 
tissue of the ciliary processes to form ampullate recesses (the ciliary glands), 
which somewhat resemble true secreting glands These so-called glands have been 
supposed to be concerned in the secretion of the aqueous humor. They are prob- 
ably not true secreting glands, but represent mere invaginations of the epithelium. 

Ciliary Epithelium. — Tlie ciliary eptlhehum (f'ars ciliaris retinae) consists of 
a double la}er of epithelial cells, continuous jxistenorly with the retina, and in 
front with the pars iridica retinae. The superficial (innermostl cells present a 
clear or slightly granular cytoplasm with a centrally situated nucleus. Their cyto- 
plasm is but slightly pigmented, and ofttimes is indistinctly rodded or fibrillated. 
Ill shape, these cells are of the low' columnar type, but they become progressively 
flattened toward the ins, where they arc continuous with the pars iridica retinae. 
They represent a continuation of the sustentacular cells of the retina. 

The cells of the deeper (outer or anterior) layer vary in height from a low 
columnar at the ora serrata to a somewhat flattened cell near the Iridal margin, 
and are continuous witli the pigmented cell layer of the retina. This cell layer 
is deeply pigmented, the entire c>toplasin being filled with the dark brown pigment 
granules. The nucleus, however, as m the pigmented cells of the choroid, contains 
no pigment, and therefore, in unstained preparations, appears under the micro- 
scope as a clear opening in the dark background of pigmented cytoplasm. 

The Iris 

The iris (Figs. 550, 556) forms an annular curtain which projects from the 
anterior margin of the ciliary body toward the axis of the eye. It presents a cen- 
tral circular opening, the pupil, which lies in the visual axis. 

The iris is suspended in the aqueous humor, its pupillary margin resting gently 
upon the anterior surface of the lens, its base or ciliarj- margin being separated 
from the lens by an interval, the posterior chamber, which is also filled by the 
aqueous humor. 

The iris may be said to consist of three layers: the external epithelium, the 
fibrous stroma and the internal epithelium. 

External Epithelinm.— The external epithelium {endolhcUmn of the iris) is 
tl mesenchymal epithelium continuous at the margin of the anterior chamber with 
‘he posterior epithelial layer of the cornea, which appears to be reflected upon the 
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ciliary liody. The suspensory ligament of the crystalline lens is attached to the 
inner surface of the retinal cpithctuim of the ciliary processes and grooves. 

Ciliary Muscle.— 'The ciliary muscle consists of an annular mass of nonstriated 
fibers which arise from the inner surface of the sclera near the sclcrocorneal 
junction, and arc inserted into the entire brcadtli of the fibrous mass of the ciliary 
body as far back as the anterior margin of the choroid. The muscle filxjrs are 
divisible into three sets, according to the direction of their long axis; these are 
the meridional, the radial and the circular. 

Meridional Pibers. — ^’fhe meridional filters form the outer and greater portion 
of the musclc.^They begin just jwsterior to the cortical margin, taking their origin 
from the inner surface of the sclera, and radiate backward In a meridional direc- 
tion for a variable distance, to be finally inserted into the fibrous bundles of (he 
posterior half of the ciliary body (ciliary ring), the longest fiber lands passing 
as far back as the chorioeiliarj' junction, where they arc attached to the anterior 
margin of the choroid. 

Radial Pibers. — The radial fibers simulate the meridional fibers In that they 
radiate from the corneal margin. They pursue, however, a shorter course. From 
their origin they pass backward with a sliarp inward curve to assume a direction 
which approaches that of the radif of the ocular globe (hence their name) ; they 
are inserted into the anterior half of the fibrous la)er of the ciliary body. Their 
radial disposition becomes progressively more apparent toward the axial margin 
of the ciliary body. These fibers are far less numerous than the meridional. 

Circular Fibers. — The circular fibers comprise numerous small nonstriated 
muscle bundles which arc interspersed among the bundles of radial fibers. They 
are disposed in a circular direction about the axial margin of the ciliary body on 
Its outer surface, and lienee are in relation with the inner surface of the sclero- 
corncal junction and the outer margin of the base of the iris. The circular muscle 
fibers are also interspersed among the fibers of the ligamentum pectinatum, which 
pass in a radial manner from the margin of the posterior homogeneous membrane 
of the cornea to the base of the iris and anterior margin of the ciliary body. The 
circular fibers are said to be deficient or even absent in myopic eyes, but are exag- 
gerated in hypermetropic eyes. 

The disposition of the ciliary muscle fibers is such that during contraction 
the fibrous ciliary body and the base of the ins are drawn forward, the choroid 
is made tense, and the susjiensory ligament of the lens is relaxed. The lens then 
becomes more nearly spherical because of its own plasticity. 

Fibrous Layer. — The fibrous layer of the aliary body consists of connective 
tissue, and connects the fibrous portion of the choroid to the similar tissue of the 
iris. It IS formed by a reticulum of the fine fibers in the meshes of which are 
numerous lamellar and a few pigmented cells. Buried within the outer portion of 
this fibrous mass and intenningling with its fibers are the fiber bundles of the 
ciliary muscle. Into the inner portion of the fibrous layer a vascular plexus is 
continued from the vascular and capillary layers of the choroid; branches of the 
ciliary arteries communicate with this plexus. 
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oi ccrxitr^ei r::=iEe wbxit ar? cic^ariy c*.5ro5«‘i, to tc-rr.'. tr^t 

s^hlr.ctcr rzzsr'c o:^:he tri;. It? cVers are «E5tri>ct*vi tr. a plar.e raral^et tC' the 
surface c: the iri5, arc Tri rhrr the imer ^pcste^to^^ part ct its ^hrcc< stroctx. 

thirrer to^^varc the tase o: the iris. Ir.:srra!Iy to the srh:r^:te^ r.tuscie. a:^.: tr. cvc- 
tact with the taserter: rrembrare of the tr.terral epitheliunt. is an ir.v:vt<ete 


iaver. tr.cre cistirct ra-xarc the ci!iary trarpa of the iris, which cvr.tains racialiy 
disposed srtccth tnascie acers. the cac.vr rtajch' of the iris, apj'arer.tly of ecto- 
denral crigia. ilydriatics atroriae'i prxxluce an enlirpreatent of the pcpih 

prestarabh.- through irhfbitfca of the ccastriotor and s::ntu!atioa of the diUtor 
muscles; miotics {e^.. nf'rphine. eserine. pilocarpine) liowewr. prvditce a c\'u* 


trarj* effect. 

The streaia of the iris is ercceedingly ^eiscular. the arteries and x'eins Ivittg 
meridicrnlly disposed, the capillaries forming an irregular plextts. Xear tl’.e pupil- 
lary margin the vessels form a rich capillarx* anastomosis, the rivM.'ajr rj:!:.'*-. 
The entering arteries likewise form a rirca.hu v:cjcr by anastcm.oses at the ciliary 
margin of the iris. 

Internal Epitheliora. — ^The intenul epithelium (/■oj.'mVr 
iridka ntir.ae) resembles that of the ciliary body or pars ciliaris retinae, wnth 
which it is continuous. The irtnermost (superficial) lajer of epitlicltal cells, in 
the iridal epithelium, is deeply pigmented and somewhat fl.itier tluan in the ciliary 
body. The pigmentation is so deep that in the adult iris it is scarcely |wssihlo to 
distinguish the two epithelial layers. Tliese can, howe^r, be readily seen in the 
fetal eye, and even in that of the cliild. 


THE ANTERIOR CHAhIBER 

The anterior chamber is bounded in front bv tlic |x>sterior (internal) surface 
of the cornea, and behind by the antenor surface of the crystalline lens and the 
anterior (external) aspect of the ms. It contains the aqueous humor presumahlv 
laigely a filtration product from the numerous blood vessels of this region, in 
part a secretion product of the ciliary epithelium. Its anterior iKjuud.iry is auwex. 
Its posterior concave, and its circular margin is limited by an area which is known 
as the iridocorneal angle. 

At this angle the mesenchymal epithelium is reflected from the posterior sur- 
face of the cornea upon the anterior surface of the iris. The latter i>orliou of the 
epithelial layer is incomplete, since it presents numerous o(>emngs which com- 
municate with the l)-mphatic spaces between the fibers of the ligamentum pecti- 
natum and ciliar>’ muscle. These l>-mplKitic recesses, the spaces of Fontana or 
Pectinate villi, drain into the canal of Sclilcmm. 

The hgamentum pectinatum consists of fibers which arise from the margin of 
iJescemefs membrane, and pass backward and inward, in a radial direction, to 
me hbrous stroma of the ins and ciliary body. Viewed from the cavity of the 
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anterior surface of the iris. At the pupillary border it is also continuous with 
die internal epithelium of (he Iris (pars iridica retinae). The cells of the anterior 
or external epithelium arc very much flattened and almost endothelial in appear- 
ance; at occasional intervals the epithelium is incomplete. These intervals occur 
either near the pupillary or the ciliary margin, and correspond to recesses which 
open directly into the fibrous stroma of the iris and become continuous with its 
lymphatic interstices. 

To the naked eye the anterior surface of the iris presents an uneven appear- 
ance, which is apparently due to the presence of sTTpht meridional ridges, with 
shallow intervals, which extend from the pupillary margin of the iris to its outer 
border. The lighter radial and ciratlar markings arc due to the lilood vessels. 

Fibrous Stroma. — The fibrous stroma of tljc iris {f^ars ehorotdaVts tridh, f'orj 
tit'caiis iridis) consists of a loose, spongy connective tissue of an almost embry- 
onal type. Its fibers arc scanty and are gathered into small bundles, which inter- 
lace somewhat, hut which arc for the most part tlisjxiscd in a meridional direction. 
This disposition is csixscially noticeable near the ciliary margin. 



Fic. 557. — MejudiOxai. Section or Poriu>iiY Bobber of Humas Iris. 

», inner epillieltat layer 0! pars iridica retinae; o, outer epithelial layer; Spft, sphincter rouscTe; 
Dii, dilator muscle, s, epithelial ‘spur*; Str, iridicai stroma. Newborn infant. (Srily ) 


The fibrous stroma is very rich in connective tissue cells, which are mostly 
stellate and branch and interlace freely. They contain more or less brownish pig- 
ment, which is most abundant near the posterior (inner) surface. The color of 
the iris, when viewed with the naked eye, is dependent upon the depth of pigmen- 
tation in these connective tissue cells, as well as in the cells of the internal epithelial 
layer, and to the relative transparency of the stroma. In dark blue and black eyes 
the stroma pigment is scanty, and the very dark epithelial pigment shows through 
the more anterior clear layers of the iris. In the brown eye the stroma pigment 
is dense and opaque. A gray color is produced by a scanty stroma pigment clouded 
by a rather dense fibrous stroma. In the e>-es of albinos the iris lacks pigment 
altogether; the pink color of the iris is due to the blood in the numerous vessels 
of the stroma. 
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The retina presents on its inner surface a slightly elevated yellow spot, the • 
iiiactila lutea, which lies exactly at the posterior pole of the visual axis. The fovea 
centralis is the slight depression in the 
center of the macula lutea, and is the re- 
sult of an apparent thinning of the 
retinal layers at this point. 

The papilla optica, or entrance of the 
optic nerve (optic disk, colltcuhts nervi 
optici), also forming a slight elevation 
with a central depression, the physiologic 
excavation (porus opticus), is placed 3.5 
to 4 millimeters to the nasal side of the 
macula lutea, and at a slightly lower 
horizontal plane. 

Developutenl of the Eye 
A brief statement on the develop- 
ment of the organ will make clearer the 
description of the several layers of the 
retina. The retina is developed as an 
evagination of the first cerebral vesicle, 
and IS. therefore, to be regarded as a 
detached lobe of the cerebrum itself. The 
evagination or optic vesicle grows for- 
ward in the embryo, and soon forms a flask-shaped process whose expanded ex- 
tremity is early infolded m a ciip-like manner forming the optic cup. The periph- 
eral layer of the cup becomes the pigmented layer, the lining layer differentiates 
into the neural layers, of the retina. The inferior surface 
of this optic cup and the connecting optic stalk at first 
present a sht-like deficiency, the choroidal fissure, into 
which grows the mesodermal tissue which ultimately forms 
the vitreous liumor and conveys the central artery of the 
optic nerve. The indented extremity of the optic cup is 
soon occupied by the developing lens, which arises, under 
the influence of the optic cup itself, but is formed from 
the overlying area of the epidermal ectoderm." 

According to certain investigators ® the definitive vitre- 
ous humor is preceded by a primitive structure in the form 
of a loose-meshed reticulum of protoplasmic fibers (cyto- 
desmata) derived from, and m continuity with, both the 
lens and the retina, hence ectodermal in origin. This primi- 
tive vitreous body is subsequently invaded by vascular 

-Lewis, W H , 1004 
* Szily, ct at , 1908 
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Fic. 559 — Schematic Re- 
construction OF THE 
Developing Eye 
0, optic cup ; s, clio- 
roidal fissure; s^, optic 
nerve; L, developing lens. 
(Fuchs ) 



Fic 558— The Developing Eye in Merid- 
ional Section. 

A, early: -P. later stage E, E, ectoderm; 
L, lens; M, M, mesoblast; 0, optic vesicle, 
protruding from, b, the first cerebral vesicle, 
c. a thickening of the ectoderm, primordiuni 
of the lens, 0, constricted pedicle of the optic 
cup; p, outer coat of the optic vesicle, primor- 
dmm of the retinal cpitheiium; r, inner wall 
of the vesicle, prtmordi'um of the neural por- 
tion of the retina. (Fuchs ) 
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anterior chamber the fibers of this ligament, with the intervening spaces of Fon- 
tana, present a toothed appearance; the ligament derives Its name from this 
peculiarity. , 

THE POSTERIOR CHAMBER 

The posterior chamber is an annular cavity, somewhat triangular or trapezoidal 
in transection, whose Inmcn. like tliat of the anterior chamlier, is occupied by 
aqueous humor, suspended in which arc the fdxjrs of the susjK'nsory ligament of* 
the crystalline lens. 

It is limited anteriorly by the internal surface of the iris, and antero-cxtcmally 
by the ciliary processes. Its postero-internal lioundary is formed by the marginal 
portion of the lens, together with the adjacent portion of the hyaloid membrane, 
which incloses the vitreous luinior. 

THE INTERNAL COAT, THE NERVOUS TUNIC . 

The internal coat of the eyeball (tunica nervosa oeuli) is divisible into three 
portions: the pars optica retinae or relhia proper, the pars ciliaris retinae and 
the pars iridica retinae. 

The last two portions, though morphologically continuous with the pars optica 
retinae, differ therefrom in tlieir physiological function; they respectively form 
the innermost layer of the ciliary body and iris. As such they have already been 
described. 


The Retina 

The retina (pars optica retinae, ncuroieinina) may be said to be formed by the 
radial expansion of the fibers of the optic nerve which enter the eye at the inner 
side of its posterior pole, piercing the sclera and choroid and spreading out over 
the inner surface of the eyeball. 

These nerve fibers arise from groups of nerve cells which are disposed in layers 
to form the optic and retinal ganglia (ganglion nervi optici and ganglion retinae). 
The association of nerve cells and fibers with their supporting tissues fonns the 
inner, cerebral, or ncxiral portion of the retina. The dendritic arborizations of 
many of these nerve cells lie within the outer half, or ncuro-cpithelial portion of 
the retina. 

The retina may be said to extend fonvard from the entrance of the optic 
nerve (optic disk) as far as the posterior margin of the ciliary body, where it 
apparently ends abruptly with an indented border, the ora serrata. From this 
border the retina is continued farther forward, but only as the dark pigmented 
layers of the ciliary processes and iris. In the usual preparations these layers con- 
trast intensely with the opaque white color of the true retina. Like all the other 
tissues which are placed in the optical axis of the eye, the retina, during life, with 
the exception of its pigment layer, is perfectly transparent, but becomes opaque 
immediately after death or local injury. 
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The retina presents on its inner surface a slightly elevated yellow spot, the 
macula lulea, which lies exactly at the posterior pole of the visual axis. The fovea 
centralis is the slight depression in the 
center of the macula lutea, and is the re- 
sult of an apparent thinning of the 
retinal layers at this point. 

The papilla optica, or entrance of the 
optic nerve (optic disk, colhcxdus nervi 
optici), also forming a slight elevation 
with a central depression, the physiologic 
excavation (porus opticus), is placed 3 5 
to 4 millimeters to the nasal side of the 
macula lutea, and at a slightly lower 
horizontal plane. 

Development of the Eye 

A brief statement on the develop- 
ment of the organ will make clearer the 
description of the several layers of the 
retina. The retina is developed as an 
evagmation of the first cerebral vesicle, 
and is, therefore, to be regarded os a 
detached lobe of the cerebrum itself. The 
evngination or optic vesicle grows for- 
ward in the embryo, and soon forms a flask-shaped process whose expanded ex- 
tremity is early infolded in a cup-like manner forming the optic cup. The periph- 
eral layer of the cup becomes the pigmented layer, the lining layer differentiates 
into the neural layers, of the retina. The inferior surface 
of this optic cup and the connecting optic stalk at first 
present a slit-like deficiency, the choroidal fissure, into 
which grows the mesodermal tissue which ultimately forms 
the vitreous liumor and conveys the central artery of the 
optic nerve. The indented extremity of the optic cup is 
soon occupied by the developing lens, which arises’ under 
the influence of the optic cup itself, but is formed from 
the overlying area of the epidermal ectoderm.* 

According to certain investigators * the definitive vitre- 
ous humor is preceded by a primitive structure in the form 
of a loose-meshed reticulum of protoplasmic fibers (cyto- 
desmata) derived from, and m continuity with, both the 
lens and the retina, hence ectodermal in origin. This primi- 
live vitreous body is subsequ ently invaded by vascular 

* Lewis, W. H , 1004 
® Szily, ft at., 1908. 
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Pic. 559 — Schematic Re- 

COXSTRUCTION OF THE 
DtvELOPiKG Eve. 

optic cup ; s, cho- 
roidal fissure : Jj, optic 
nerve ; L, developing lens 
(Fuchs.) 



Fic. 558 — The Developing Eve in Merid- 
lo.vAL Sfction. 

A. early; B, later stage. E, B, ectoderm, 
L, lem; M, M, mcsoblast; a, optic vesicle, 
protruding from, b, the first cerebral vesicle, 
c, a thickening of the ectoderm, primordium 
of the lens; 0. constricted pedicle of the optic 
cup; p, outer coat of the optic vesicle, primor- 
dium of the retinal epitliclium; r, inner wall 
of the vesicle, primordium of the neural por- 
tion of the retina. (Fuchs.) 
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.interior chamber the fibers of this ligament, with the intervening spaces of Fon- 
tana, present a toothed appearance; the ligament derives its name from this 
peculiarity, 

THE POSTERIOR CHAMBER 

The posterior chamber is an annular cavity, somewhat triangular or trapezoidal 
in transection, whose lumen, like lliat of the anterior chamber, is occupied by 
aqueous humor, suspended in which are the fil>crs of the suspensory ligament of ■ 
the crystalline lens. 

It is limited anteriorly by the internal surface of the iris, and antcro-cxternally 
by the ciliary processes. Its postero-intcrnal Ijotindary is formed by the marginal 
portion of the lens, together >vith the adjacent ixjrtion of the hyaloid membrane, 
which incloses the vitreous humor. 


THE INTERNAL COAT, THE NERVOUS TUNIC . 

The internal coat of the eyeball (^tunica nervosa oculi) is divisible into three 
portions : the pars optica retinae or reltna proper, the pars ciliaris retinae and 
the pars iridica retinae. 

The last two portions, though morphologically continuous with the pars optica 
retinae, differ therefrom in their physiological function; they respectively form 
the innermost layer of the ciliary body and iris. As such they liave already been 
described. 


The Retina 

The retina (pars oplica retinae, neurohmma) may be said to be formed by the 
radial expansion of the fibers of the optic nerve which enter the eye at the inner 
side of its postenor pole, piercing the sclera and choroid and spreading out over 
the inner surface of the eyeball. 

These nerve fibers arise from groups of nerve cells which are disposed in layers 
to form the optic and retinal ganglia (ganglion nen’t optici and ganglion retinae). 
The association of nerve cells and fibers with their supporting tissues fonns the 
inner, cerebral, or neural portion of the retina. The dendritic arborizations of 
many of these nerve cells lie within the outer half, or ncnro-epithelial portion of 
the retina. 

The retina may be said to extend forAvard from the entrance of the optic 
nerve (optic disk) as far as the posterior margin of the ciliary body, where it 
apparently ends abruptly with an indented border, the ore serrata. From this 
border the retina is continued farther forward, but only as the dark pigmented 
layers of the ciliary processes and iris. In the usual preparations these layers con- 
trast intensely with the opaque white color of the true retina. Like all the other 
tissues which are placed in the optical axis of the eye, the retina, during life, with 
the exception of its pigment layer, is perfectly transparent, but becomes opaque 
immediately after death or local injury. 



THE INTERNAL COAT, THE NERVOUS TUNIC 589 

outer or basal portion of the cell being relatively free from pigment. In an eye 
which is shaded from the light, or in one removed in comparative darkness, the 
pigment has apparently retracted until it lies entirely with the body of the cell. 
Even under these conditions the extreme base of the cell frequently presents a 
narrow zone which is relatively free from pigment. Similar changes in the dis- 
position of the pigment undoubtedly occur in the living eye 
under the influence of exposure to varying degrees of light 

The function of this pigment and of the peculiar changes 
in its disposition is still somewliat speculative, but it may, 
without doubt, be safely asserted that these phenomena are 
concerned with the renewal of the vwiiof purple of the outer 
segments of the rods after the same has been bleached by ex- 
posure to light. Possibly these changes possess a stimulant 
action upon the neuro-epithelial elements. Herrick ® suggests 
that both the fuscin of the cells of the pigment epithelium and 
the rhodopsin of the bacillar) epithelium are concerned with the adaptation of the 
eye to different intensities of light, rather than with the specific receptor function 
itself. 

.Rod and Cone Layer, — The rod and cone layer {bacillary layer) consists of 
a series of columnar elements which are disposed in a palisade-like manner, and 
whose narrow extremities are embedded in the surface of the laxer of pigment 
epithelium. The rod and cone layer contains elements of two distinct types, the 
rods and the cones, specialized receptors of the rod and cone tdsual cells, and 
very similar to each other in their structure Each rod and each cone visual cell 
consists of tw'o distinct portions, the outer of which, alone, lies in the bacillary 
Lyer; the inner portion is included in the outer nuclear layer of the retina. The 
outer portion is cytoplasmic, and its broad base rests upon the external limiting 
membrane; the inner portion js narrow, nucleated near its center, and extends 
entirely through the outer nuclear layer. 

The Rods . — The outer, cytoplasmic, or bacillary portion of each rod visual 
cell consists of a somewhat thickened spheroidal base, the inner segment, and an 
outer filamentous extremity, the outer segment. These two segments are quite 
as distinct in fresh unstained tissue as in fixed and stained preparations, the 
distinction being due to the fact that the inner segment of each rod, while finely 
granular and easily stained, is also singly refractive ; the outer homogeneous seg- 
ment, on the other hand, not only stains with difficulty but is doubly refractive 
or anisotropic. The outer, therefore, under all conditions appears bright and lustrous 
as compared with the isotropic inner segment. The outer segment is said to be 
covered by a delicate sheath of neurokeratin, and to consist of a substance chemi- 
cally very similar to that of the myelin of meduUated nerve fibers. 

_ The outer segment contains the visual purple or rhodopsin which, during life, 

Js rapidly bleached by exposure to light, and is as rapidly renewed through the 
^ency of the pigment epithelium. 

^Hernck, 1916 ^ - 



Fig. 561. — Pigmented 
Epithelium of the 
Retina, Viewed in 
T nANSECTION. 

Xsoo. (Fuchs.) 
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mesenchyma, the two tissues uniting to produce the definitive vitreous. The hyaloid 
incmhranc, surrounding the vitreous body, and tlie fibers of the suspensory ligament 
of the lens arc thought by some to represent the persistent peripheral remains of the 
original ectodermal stroma. Others, among them most recently Baldwin, < describe 
the origin of tlie suspensory ligament from mesenchyma. 

Failure of closure on the part of the choroidal fissure gives rise to various 
degrees of a defect known as coloboma. This condition may appear simply as a 
shallow cleft in the iris, or as a more or less 
extensive fissure in the retina or even the 
optic nerve, which seriously interferes with 
vision. 

Layers of the Rcluia 
The retina may be said to consist of ten 
layers, which from without inward are: (i) 
the pigment epithelium, (2) the layer of 
rods and cones, (3) the external limiting 
membrane, (4) the outer nuclear layer, (5) 
the fiber layer of Henie, (6) the outer retic- 
ular lajcr, (7) the inner nuclear la>cr, (8) 
the inner reticular layer, (9) the ganglion 
cell layer and (10) the nerve fiber layer. 

To these several layers an additional one, 
the internal limiting membrane, is frequently 
added. The first five of these la^’crs are con- 
tained within the neurO‘Cf>ithcltal portion of 
the retina, the last five form its cerebral or 
nctiral portion. 

Pigment Epithelium. — The pigment 
epithelium (layer of pigmented cells) con- 
sists of a single layer of columnar epithelial 
cells whose bases, of generally hexagonal 
outline, rest upon and are firmly adherent to 
the inner surface of the choroid coat, and from whose free borders irregular proc- 
esses extend inward betiveen the elements of the rod and cone layer. These epithelial 
cells have a finely granular cytoplasm. Their nucleus is oval, somewhat flattened, and 
placed near the base of the cell ; it is, however, obscured or even entirely hidden by 
the mass of dark pigment granules (fuscin) by which the cytoplasm of the cell is 
more or less completely filled. 

The disposition of the pigment within the epithelial cell apparently corresponds 
to, and is dependent upon, the effect of light upon the retina. In an eye exposed 
to tlie action of light at the instant of death, the pigment granules accumulate 
in the irregular processes of the cells which surround the rods and cones, the 


I 



Fig 560— Vertical Section of Dacil- 
LARY Layer of Retina of a Twentv- 
rOUR-YEAR'OLD MaN, IN TIIE REGION OF 
THE Fovea Centbalis. 
r, pigment layer ; s, rods and cones, tfic 
outer segment stained dark; j, fiber bas- 
kets ("rod sockets"), comprising the ter- 
minal fibrils of Muller’s fibers; 4, external 
limiting membrane; 5, nucleus of cone; 
6, nucleus of rod visual cell. (Eisler.) 


Baldwin, 1912 
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outer or basal portion of the cell being relatively free from pigment. In an eye 
which is shaded from the light, or in one removed in comparative darkness, the 
pigment has apparently retracted until it lies entirely with the body of the cell. 
Even under these conditions the extreme base of the cell frequently presents a 
narrow zone which is relatively free from pigment. Similar changes in the dis- 
position of the pigment undoubtedly occur in the living eye 
under the influence of exposure to vaiying degrees of light. 

The function of this pigment and of the peculiar changes 
in its disposition is still somewhat speculative, but it may, 
without doubt, be safely asserted that these phenomena are 
concerned with the renewal of the visual purple of the outer 
segments of the rods after the same has been bleached by ex- 
posure to light. Possibly these changes possess a stimulant 
action upon the neuro-epithelial elements. Herrick ® suggests 
that both the fuscin of the cells of the pigment epithelium and 
the rhodopsin of the bacillary epithelium are concerned with the adaptation of the 
eye to different intensities of light, rather than with the specific receptor function 
itself. 

Rod and Cone Layer. — The rod and cone layer {bacillary layer) consists of 
a series of columnar elements which are disposed in a palisade-like manner, and 
whose narrow extremities are embedded in the surface of the layer of pigment 
epithelium. The rod and cone layer contains elements of two distinct types, the 
rods and the cones, specialized receptors of the rod and couc t'isual cells, and 
very similar to each other in their structure. Each rod and each cone visual cell 
consists of two distinct portions, the outer of w’hich, alone, lies in the bacillary 
layer; the inner portion is included in the outer nuclear layer of the retina. The 
outer portion Is cytoplasmic, and its broad base rests upon the external limiting 
membrane; the inner portion is narrow, nucleated near its center, and e.xtends 
entirely through the outer nuclear layer. 

The Rods . — ^The outer, cytoplasmic, or bacillary portion of each rod visual 
cell consists of a somewhat thickened spheroidal base, the inner segment, and an 
outer filamentous extremity, the outer segment. These two segments are quite 
as distinct in fresh unstained tissue as in fixed and stained preparations, the 
distinction being due to the fact that the inner segment of each rod, while finely 
granular and easily stained, is also singly refractive ; the outer homogeneous seg- 
ment, on the other hand, not only stains with difficulty but is doubly refractive 
or anisotropic. The outer, therefore, under all conditions appears bright and lustrous 
as compared with the isotropic inner segment. The outer segment is said to be 
covered by a delicate sheath of neurokeratin, and to consist of a substance chemi- 
cally very similar to that of the myelin of medullatcd nerve fibers. 

^ The outer segment contains the visual purple or rhodopsin which, during life, 
IS rapidly bleached by exposure to light, and is as rapidly renewed through the 
agency of the pigment epithelium. 

'Herrick, 1916. 



Fic. 561. — Pigmented 
Epithelium of the 
Retina, Viewed i.v 
Transection. 

X500. (Fuchs.) 
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mesenchyma, the two tissues uniting to produce the definitive vitreous. The hyaloid 
membrane, surrounding the vitreous body, and the fibers of the suspensory ligament 
of the lens arc thought by some to represent the persistent peripheral remains of the 
original ectodermal stroma. Others, among them most recently Baldwin,* descril)c 
the origin of the suspensory ligament from mesenchyma. 

Failure of closure on the part of the chorotda! fissure gives rise to various 
degrees of a defect known as coloboina, Tfiis condition may appear simply as a 
slmllow cleft in the iris, or as a more or less 
extensive fissure in the retina or even the 
optic nciwc, which seriously interferes with 
vision. 

Layers of the Retina 
The retina may be said to consist of ten 
layers, whicb from without inward are: (i) 
the pigment epithelium, (2) the layer of 
rods and cones, (3) the external limiting 
membrane, (4) the outer nuclear layer, (5) 
the fil)er layer of Henie, (6) the outer retic- 
ular la>-cr, (7) the inner nuclear layer, (8) 
the inner reticular layer, (9) the ganglion 
cell layer and (10) the nerve fiber layer. 

To these several layers an additional one, 
the internal limiting membrane, is frequently 
added. The first five of these layers are con- 
tained within the ncnro-efithcUal portion of 
the retina, the last five form its cerebral or 
neural portion. 

Pigment Epithelium. — The pigment 
epithelium (layer of pigmented cells) con- 
sists of a single layer of columnar epithelial 
cells whose bases, of generally hexagonal 
outline, rest upon and are firmly adherent to 
the inner surface of the choroid coat, and from whose free borders irregular proc- 
esses extend inward between the elements of the rod and cone layer. These epithelial 
cells have a finely granular cytoplasm. Tlieir nucleus is oval, somewhat flattened, and 
placed near the base of the cell ; it is, however, obscured or even entirely hidden by 
the mass of dark pigment granules (fuscin) by which the cytoplasm of the cell is 
more or less completely filled. 

The disposition of the pigment within the epithelial cell apparently corresponds 
to, and is dependent upon, the effect of light upon the retina. In an eye exposed 
to the action of hght at the instant of death, the pigment granules accumulate 
in the irregular processes of the cells which surround the rods and cones, the 

* Baldwin, 1912- r 



Fic. 560.-— Verticai. Sectiox of BActt- 
LARY Layer of Retina of a Twenty- 

rOtTR'VEAR.OCD J/AN, JN THE REGION OF 

THE Fovea Ce.vtbaus. 


limiting membrane, 5, nucleus of cone; 
6, nucleus of rod visual cell. (Eisler.) 
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outer or basal portion of the cell being relatively free from pigment. In an eye 
which is shaded from the light, or in one removed in comparative darkness, the 
pigment has apparently retracted tmtil it lies entirely with the body of the cell. 
Even under these conditions the extreme base of the cell frequently presents a 
narrow zone which is relatively free from pigment. Similar changes in the dis- 
position of the pigment undoubtedly occur in the living eye 
under the influence of exposure to varying degrees of light. 

The function of this pigment and of the peaiHar changes 
in its disposition is still somewhat speculative, but it may, 
without doubt, be safely asserted that these phenomena are 
concerned with the renewal of the visual purple of the outer 
segments of the rods after the same has been bleached by ex- 
posure to light. Possibly these changes possess a stimulant 
action upon the neuro-epithelial elements. Herrick ® suggests 
that both the fuscin of the cells of the pigment epithelium and 
the rhodopsin of the bacillary epithelium are concerned with the adaptation of the 
eye to different intensities of light, rather than with the specific receptor function 
itself. 

Rod and Cone Layer, — The rod and cone layer {bacillary layer) consists of 
a series of columnar elements which are disposed in a palisade-like manner, and 
whose narrow extremities are embedded in the surface of the la>er of pigment 
epithelium. The rod and cone layer contains elements of two distinct types, the 
rods and the cones, specialized receptors of the rod and cone visual cells, and 
very similar to each other in their structure. Each rod and each cone visual cell 
consists 0! two distinct portions, the outer of which, alone, lies in the bacillary 
lajer; the inner portion is included in the outer nuclear layer of the retina. The 
outer portion is cytoplasmic, and its broad base rests upon the external limiting 
membrane; the inner portion is narrow, nucleated near its center, and extends 
entirely through the outer nuclear layer. 

The Rods . — The outer, cytoplasmic, or bacillary portion of each rod visual 
cell consists of a somewhat thickened spheroidal base, the inner segment, and an 
outer filamentous extremity, the outer segment. These two segments are quite 
as distinct in fresh unstained tissue as in fixed and stained preparations, the 
distinction being due to the fact that the inner segment of each rod, while finely 
granular and easily stained, is also singly refractive ; the outer homogeneous seg- 
ment, on the other hand, not only stains vnth difficulty but is doubly refractive 
or anisotropic. The outer, therefore, under all conditions appears bright and lustrous 
as compared with the isotropic inner segment. The outer segment is said to be 
covered by a delicate sheath of neurokeratin, and to consist of a substance chemi- 
cally very similar to that of the myelin of medullated nerve fibers. 

The outer segment contains the wiiol purple or rhodopsin which, during life, 
IS rapidly bleached by exposure to light, and is as rapidly renewed’ through the 
agency of the pigment epithel ium. 

‘Herrick, igifi. 



Fig. s6r. — Pigmented 
Epithelium of the 
Retina, Viewed in 
Transectio-v. 
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mesenchyma, the two tissues uniting to produce the definitive vitreous. The h>’aIoid 
meml)rane, surrouiuling the vitreous hotly, and tlic fi!>crs of the suspciisory ligament 
of tlie lens arc thought hy some to represent the persistent peripheral remains of the 
original ectodermal stroma. Others, among tficni most recently Baldwin/ describe 
the origin of the suspensory ligament from iiicscnchyma. 

Failure of closure on the jart of the choroidal fissure gives rise to various 
degrees of a defect known as coloboma. Tin's condition may appear simply as a 
shallow cleft in the iris, or as a more or less 
extensive fissure in the retina or even the 
optic nen'C, which seriously interferes with 
vision. 

Layers of the Retina 
ITic retina may be said to consist of ten 
layers, which from without inward are: (i) 
the pigment epithelium, (2) the lajer of 
rods and cones, (3) the external limiting 
membrane, (4) the outer nuclear layer, (5) 
the fiber layer of Henle, (6) the outer retic- 
ular Ja)cr, (7) the inner nuclear la^cr, (8) 
the inner reticular layer, (9) the ganglion 
cell layer and (10) the nerve fiber layer. 

To these several layers an additional one, 
the internal limiting membrane, is frequently 
added. The first five of these layers are con- 
tained within the ncuro~cpithcUal portion of 
the retina, the last five fonn its cerebral or 
neural portion. 

Pigment Epithelium. — The pigment 
epithelium (layer of pigmented cells) con- 
sists of a single la^er of columnar epithelial 
cells whose bases, of generally hexagonal 
outline, rest upon and are firmly adherent to 
the inner surface of the choroid coat, and from whose free borders irregular proc- 
esses extend inward between the elements of the rod and cone layer. These epithelial 
cells have a finely granular cytoplasm. Their nucleus is oval, somewhat flattened, and 
placed near the base of the cell ; it is, howe\-er, obscured or even entirely hidden by 
the mass of dark pigment granules (fuscin) by which the cytoplasm of the cell is 
more or less completely filled. 

The disposition of the pigment within the epithelial cell apparently corresponds 
to, and is dependent upon, the effect of light upon the retina. In an eye exposed 
to the action of light at the instant of death, the pigment granules accumulate 
in the irregular processes of the cells which surround the rods and cones, the 
« Baldwin, 1912. , 

; 



Fic. 560— VERTICAt SeCTIOX OF BaCJE- 
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THE Fovea Centralis 
I, pigment lajer; 2, rods and cones, the 
outer segment stained dark; j, fiber bas- 
kets ("rod sockets”), comprising the ter- 
minal fibrils o! Muller’s fibers; 4, external 
limiting membrane; 5, nucleus of cone; 
6, nucleus of rod visual cell (Eisler.) 
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The Cones . — The cones resemble the rods in structure, but tlieir cytoplasmic 
portion is shorter, the inner segment of which is several times as broad (35 fi 
t*} 7 The outer anisotropic segment is especially short and does not contain 
visual purple, which the isotropic basal seg- 
ment, whose fibrillatecl ellipsoid occupies a I i f I i f 

somewhat greater proportion of its length than | a I | I | 

is the case with the homologous rod segment, I a I « I ^ I 

rests directly upon, and may even project i I Piu 

through the external limiting membrane. The 
inner or nucleated portion, therefore, begins as 

a broad nucleated mass, equal in diameter and ~~] p\ r \ — tn /e. 

continuous with tlie bacillary portion of the ii | J I 

cone element, to which it is ofttimes united by W | A I 

a slightly constricted neck. In this inner por- ' I A Q A 

tion, just within the externa! limiting mem- V/9 n/e 

brane, is the cone nucleus; it differs from the a 

rod nucleus in that it stains less deeply, pre- y W 

sents no transverse striations, and frequently j j 

incloses a distinct nucleolus. From its nucleated ^ 1 / \ 1 

portion the cone fiber is continued as a rather «■, 

broad cytoplasmic filament straight inward to j j j I j 

the border of the nuclear layer, where it termi- | A A A I 

nates in an expanded portion or coitc foot, j ^ ^ ^ I 

from the flattened inner surface of which the A i A ^ / • 

fine filaments penetrate tlie margin of the outer if 1 ^ *** 

reticular layer. K T T 

The outer segments of both rods and cones ~ ^ ^ 

are emljeddecl in the cells of the pigment layer, f,c 563— D.Aoa*x> or rut Rod an-d 
I nose clelicate filamentous processes project Co.ve Visuvl Cells, an-d Their 

between the rods and cones, frequently extend- Respective Bipolar Neuroxs. 

mg almost to the e.xternal limiting membrane. (Schwalbe } 

Both rods and cones are hexagonal or nearly limiting membrane; 

arcular in transection. The slight intervah bc^ : 

'cen the neighboring elements and the proc- mtemal nuclear layer (layer of 

^ esses of the pigment epithelium are ocaipied by 

^ somewhat modified l^mph. The rods far outnum- 
Th^. generally appear between two successive cones. 

that of rorrtT 3 o°oo^°oS.'” 

"""'"‘8 membrane (mcmiram 
sustentacuiar cells oTwfe ° fil 1“"'* ‘■‘"’“’smi«tc<l extremities of the 

■leuroglla elements lit” ' ™PP<>rting tissue, the 

face outward to the 6x1^,?! "“t- 

the external limiting membrane. It will therefore be more con 
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Both segments, but especially tlie inner, under favorable conditions, present 
faint longitudinal striations. These striatious, when present, are most distinct in 
the outer half of the inner rod segment where they form the so-called cWf-soid; 
they arc generally interpreted as due to linear surface grooves in the outer segments, 
and to fibrils in the ellipsoid. Tlie outer filamentous segment of each rod some- 
times exhibits transverse markings, iiossiMy indicating a minute structure which 
is comparable to a series ol sujicrposcd disks. 





Fro. I<ocATEi» Rob axb Cove Visual Cells or the Pic. 
a~e, cones; f-i, rods, sa, outer seement; si, inner scgnjcnt ol the cone, tlie latter consisting 
of an eihpsoid, sc, and a more or less elongated neck, sk, cone nucleus; sf, cone fiber; 
sa, outer, and if inner segment of the rod; sk, rod nucleus; sf, rod fiber. (Kolliker.) 


The rods have an average length of 6o microns, and an average diameter of 
2 microns. Of the entire extent, the outer cylindric segment and the inner spheroidal 
segment contribute approximately equal portions. 

The inner or nucleated portion of each rod, the rod fiber, is found in the outer 
nuclear layer and is continued as a fine filament, which, having penetrated the 
external limiting membrane, extends as far as the border line between the outer 
nuclear and outer reticular layers, at which level the rod filantent ends in. a knob- 
like expansion. Similar knobs may appear along its course. At some point in its 
course through the nuclear layer the rod fiber presents a nucleated enlargement, 
which, under some conditions, shows one to three alternate light and dark transverse 
striations, the optical e.xpression of the distribution of the chromatin in the form 
of bands. The nuclei of the rod fibers are placed at various levels in the nuclear 
layer, and collectively occupy nearly its entire thickness. Its outer border, however, 
contains relatively few rod nuclei. 
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The CoiiM.— Tlic cotK-5 resemble the rods in structure, but their cytoplasmic 
portion is shorter, the inner segment of which is several times as broad (35 ,» 
by 7 /i). Tlie outer anisotropic segment is especially short and docs not contain 
visual purple, which the isotropic basal seg- 
raent, whose fibrillated ellipsoid occupies a 
somewhat greater proportion of its length than 
is the case with the homologous rod segment, 
rests directly upon, and may even project 
through the external limiting membrane. The 
inner or nucleated portion, therefore, IfCgins as 
a broad nucleated tuass, equal in diameiet and 
continuous with the bacillary portion of the 
cone element, to which it is ofttimes united by 
a slightly constricted neck. In this iJiner por- 
tion, just within the external limiting mem- 
brane, is the cone nucleus; it differs from the 
rod nucleus in that it stains less deeply, pre- 
sents no transverse striations, and frcqvjendy 
incloses a distinct nucleolus. From its nucleated 
portion the cow fiber is continued as a rather 
broad cytoplasmic filament straight inward to 
the border of the nuclear layer, where it termi- 
nates in an expanded portion or cone foot, 
from the flattened inner sur fence of which the 
fine filaments penetrate the margin of the outer 
reticular layer. 

The outer segments of both rods and cones 
are embedded in the cells of the pigment layer, 
whose delicate filamentous processes project 
between the rods and cones, frequently extend- 
ing almost to the external limiting membrane. 

Both rods and cones are hexagonal or nearly 
circular in transection. The slight intervals be- 
tween the neighboring elements and the proc- 
esses of the pigment epithelium are occupied by 
a homogeneous fluid, probably a somewhat modified lymph. The rods far outnum- 
er the cones ; three to four rods generally appear between two successive cone.s. 
he total number of cones in the human retina has been estimated at 7.000,000; 
that of rods at 130,000,000. 

External Limiting Membrane. — ^The external limiting membrane {viembrana 
tmitans ca tenia) consists of the flattened and nimlganiated extremities of the 
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Fic. 563 — Diagram of the Rod and 
Cone Visu\l Cells, and Their 
Respective Bipolar Neurons 
(Schwalbe.) 

mJ.c., external limiting^ lueinfaranc; 
ntf., external nuclear layer, rie, 
external reticular (molecular) layer; 
«./.!, internal nuclear layer (layer of 
rod and cone bipolars). 


sustentacular cells (iluJIer’s fibers), whidi fonn the chief supporting tissue, the 
g la cements, of the retina, and which extend from the extreme ‘ — 
ace outwar to the external limiting membrane. It will therefore be i 


^ more con- 
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vcnicnt to defer furtlicr description of this memitranc until the remaining layers 
have Ijccu ilescribed, and the niullcrian libers can be considered in their entirety. 



Fig. 564. Fig. 565. 

Fig 564— a Rod and a Cone Visual Cell prom the Fundus of the Human Retina, 
Outside the Macula Lutea. 

<T, outer segment, b, inner segment; c, rod- or cone-fiber; d, nucleus; e, rod- or cone-foot; 
/, ellipsoid; g, myoid (of cone); /», external limiUng membrane. (Schafer, Greeff.) Xiooo. 

Fic. 565 — Two Cones from the Human Retina 
A, from close to the ora serrata; D, from near the margin of fovea centralis. The fiber (0 
IS cut short beyond the nucleus Between the ora and the fovea cones of intermediate lengths 
are found, forming a senes from A to B. In the central part of the fovea, the cones are still 
longer than B, the increase being due mainly to an elongation of the outer segments (o-r.) to 
about twice the length in B (Greeff.) Xiooa 

Outer Nuclear Layer. — ^The outer nuclear layer (otifer granular layer) con- 
sists for the most part, of the nucleated portions of the rod and cone elements. 
The outermost zone of this layer contains only cone nuclei ; the inner portion, 
comprising about three-fourths of its tluckness, contains only rod nuclei. The 
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former, with occasional exceptions (Stohr), are situated in only one relatively 
narrow plane; the latter are distributed at various levels, though they ocair more 
abundantly in the midregion of the nuclear layer. In addition to portions of 
Muller’s fibers which ser\-c for the support of the nucleated elements, this layer 
contains the terminal filaments of the distal processes of some of the small bipolar 
ner\’e cells of the inner nuclear layer. 

Fiber Layer of Henle. — The fiber layer of Henle is formed by that portion 
of the cone fibers which is internal to the lajcr o! rod nuclei. It is a thin layer 
and only acquires importance in the neighborhood of the macula lutea, where 



Fic 566. — Fboji the Human Retina 

r, outer nuclear layer, 2, outer reticular layer; 3, inner nuclear layer, 4, inner reticular 
layer; a, external limiting membrane; b, rod cell nuclei; c, cone cell nuclei, tf. cone bipolars; 
e, rod bipolars ; f, an exceptionally long process of a rod bipolar. Methylene blue Highly mag- 
nified (Dogiel.) 

Vhe cones are most abundant. In this portion of the retina it is easily distinguished 
from the outer reticular layer by the somewhat radial disposition of its fibers, 
the fibers of the reticular layer having an irregularly meridional direction. 

Outer Eeticular Layer.— The outer reticular layer (outer iiioiccuiar layer, 
outer plexiform layer) presents u dense tangle of neural tissues consisting of 
supporting neuroglia fibers and interlacing processes from the horizontal and 
bipolar ners’c cells of the inner nuclear layer. Terminal fibrils from this network 
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vcnicnt to defer further description of this membrane until the remaining layers 
have been described, and the nmllcrian fibers can be considered in their entirety. 



Fig. 564. Fw. 565. 

Fie 564 ~A Rod and a Cose VisuAt Ccu, from tbe Fokdos or the Human Retina, 
Outside the Macula Lutfa. 

a, outer segment, t, inner segment; c, rod' or cone-fiber; li, nucleus; e, rod- or cone-foot; 
/, ellipsoid; ff, myoid (of cone); A, external limiting membrane. (Schafer, Grecff) Xiooo. 

Fic. 565— Two Cones from the Human Retina. 

/i, from close to the ora serrata; B, from near the margin of fovea centralis. The fiber (/) 
is cut short beyond the nucleus Between the ora and the fovea cones of intermediate lengths 
are found, forming a series from A to B. In the central part of the fovea, the cones arc still 
longer than B, the increase being due mainly to an elongation of the outer segments (ox) to 
about twice the length in B (Grecff.) Xiooo. 

Outer Nuclear Layer.— The outer nuclear layer {outer fffaiiular layer) con- 
sists, for the most part, of the nucleated portions of the rod and cone elements. 
The outermost zone of this layer contains only cone nuclei; the inner portion, 
comprising about three-fourths of its thickness, contains only rod nuclei. The 
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former, with occasional exceptions (Stohr), arc situated in only one relatively 
narrow plane; the latter are distributed at \’arioiis levels, tliough they occur more 
abundantly in the niidregion of the nuclear layer. In addition to portions of 
Muller’s fibers which serve for the support of the nucleated elements, this layer 
contains the terminal filaments of tlic distal processes of some of the small bipolar 
neiv’e cells of the inner nuclear layer. 

Fiber Layer of Henle. — The fiber layer of Henle is formed by that portion 
of the cone fibers which is internal to the layer of rod nuclei. It is a thin layer 
and only acquires importance in the neighborhood of the macula lutea, where 



Fig 566 — From the Human Rf.ti.va. 

I. outer nuclear layer ; outer reticular layer ; j. inner nuclear layer ; inner rcUcuIar 
layer; 0, external limiting membrane, b. rod cell nuclei; c, cone cell nuclei; d, cone bipolars' 
c, rod bipolars; /, an exceptionally long process of a rod bipolar. Methylene blue Highly mag- 
nified (Dogiel.) • b j & 


the cones are most abundant. In this twrtion of the retina it is easily distinguished 
from the outer reticular layer by the somewhat radial disposition of its fibers 
the fibers of the reticular layer having an irregularly meridional direction 

Outer Eeticniar Layer.— The outer reticular layer (outer molccuhr layer 
oaler flex, form layer) presents a dense tangle of neural tissues consisting of 
sup,»rt.ng neuroglia fibers and interlacing processes from the horizontal and 
wpolar nerve cells of the inner nuclear layer. Terminal fibrils from this network 
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vcnicnt to deter turtlicr description ol this mcmhranc until the remaining layers 
have heen described, and the mtillerian fillers can be considered in their entirety. 



Fig. 564. Fig. 56$. 

Fig 564 — A Rod akd a Cone Visual Cell from the Fundus op the Human Retina, 
Outside the Macula Lutea, 

outer segment , b, inner segment ; e, rod- or cooe-fiber ; rf, nucleus ; e, rod- or cone-foot ; 
ellipsoid; g, myoid (of cone); h, external limiting membrane. (Schafer, Grceff.) Xiooo. 

Fic. 565 — Two Cones from the Human Retina. 

A, from close to the ora serrata, B, from near the margin of fovea centralis. The fiber (f) 
is cut short beyond the nucleus Between ihe ora and the fovea cones of intermediate lengths 
are found, forming a series from W to B In the central part of the fovea, the cones are still 
longer than B, the increase being due mainly to an elongation of the outer segments (0 r.) to 
about twice the length in B. (Greeff.) Xiooo 

Outer Nuclear Layer, — ^The outer nuclear layer (otfier granular layer) con- 
sists for the most part, of the nucleated portions of the rod and cone elements. 
The outermost zone of this layer contains only cone nuclei ; the inner portion, 
comprising about three-fourths of its thickness, contains only rod nuclei. The 
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smaller cells, terminate in the outer reticular layer, probably serving the purpose 

of association neurons. . 

Middle Mcmc Cf&.— The nerve cells of the middle type are usually of bipolar 
form, and are the most abundant elements of the inner nuclear hater. The one 
set of their processes is directed outtvard (peripherahvard) ; they pass to the outer 
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Fio. 568.— Vertical Section of Human Retina (Bausch and I„omb Optical Company.) 


reticular layer where they eventually conic into relation with either tlie rod fibers 
or the cone fibers. Hence those cells which are m relation witli the visual rods are 
classified as rod h'tpolars, those in relation with the visual cones as coiic hipolars 
(Fig. 567). The terminal fibrils of the cone bipolars are horizontally, those of the 
rod bipolars radially, disposed. 

The central processes, axons, of the bipolar cells are directed inward (cen- 
tralward), and on entering the inner reticular layer terminate in an end brush 
which is in relation with the dendritic processes from the large ganglion cell layer. 

Jn»cr l^crve Cells . — ^The inner nerve cell type {amacrbic cells of Cajal) are 
large nerve cells which occupy a narrow ionc at the inner margin of this nuclear 
layer. These are large stellate cells whose dendritic processes extend into the 
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intermingle in the fiber layer of Hcnlc with terminal fibrils from the cone’ feet; 
more externally they arc in intimate relation with the cncl-knohs of the rod fibers. 
This arrangement permits the tran’smission of stimuli from the neuro-epithelium 
to the retinal ganglion. 

Inner Nuclear Layer. — The inner nuclear layer (ttmer granular layer, gan- 
glion retinae, outer ganglionic layer) contains a mass of nerve cells, together with 
the nucleated portion of the sustcntacular filler cells of Mfiller. The nerve cells 
may he described as corrcs^wiudivtg to one of three types, which, from the plane in 
which they are distributed may he termed the outer, middle, and inner. 
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Pie. sG; — Diac.rams or tmk Human Rptina, Showing the Relationships to Each OtnEr 
OP THE Retinal Neurons, and Their Disposition in the Different Lavers. 

(From Fox, Otfilhatmology.) 

Outer PPerve Cells. — The outer nerve cells (horizontal cells, basal cells) possess 
pyramidal, stellate, or flattened cell bodies whose dendrons are distributed to the 
horizontal plexus of the outer reticular layer. These cells vary in size; the dendritic 
or distal processes of the smaller cells on reaching Henle’s lajer are in relation 
with the terminal fibrils of tlie cone feet; those from the larger nerve cells are 
in relation with the terminal knobs of the rod fibers. The axis cylinders or central 
processes from all these cells after traveling horizontally — I'iz., in a plane parallel 
to the layers of the retina — for a greater or less distance, turn inward and pass 
to the inner reticular layer, where th^ come into relation with the dendrons of 
the large nerve cells of the ganglion cell layer. Other processes, mostly from the 
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neurospongium. To these are added a mnch branched portion ol Miilfcr’s fibers, 
which form the chief supporting tissue of this layer. The cell processes entering 
into this formation arc derived from the celts of the inner nuclear and ganglion 
cell layers, and it is here that the processes of these cells interlace so closely as to 
permit the transmission of impulses from the one neuron to the other. Their 
terminal arborizations are, for the most part, disposed in horizontal planes, though 
a few spread throughout the entire thickness of the 
reticular layer. 

Ganglion Cell Layer. — The ganglion cell layer 
(f/aiif/Iioii iterz'i optid, inner ganglionie layer, layer 
of large ucrz'c cells) is of variable thickness. Its 
greatest depth is in the region of the macula lutea, 
where it consists of five or six superposed ganglion 
cells. Toward the equator of the eye it becomes pro- 
gressively thinner, until near the ora serrata its 
single layer of cells only forms an incomplete 
stratum 

The cells comprising this layer arc mostly large, 
stellac, pyriform, or spheroidal nerve cells, from 
whose peripheral Ixirder dendrons pass to the inner 
reticular layer, and from whose central border an 
axon passes to the nerve fiber layer to eventually be- 
come the axis cylinder of a fiber of tbc optic nerve. 

These cells, though varying much in size and 
shape, possess a body of the usual structure with 
neurofibrils and chromophiUc granules, and a pale 
vesicular nucleus with a distinct chromatic nucleolus. 

Intermingled with the nerve cells are many fine 

branches of the sustentacular cells w'hich here form c. . - 

, , I • I - L Fig 571.— a Neritv Cell of 

an open-meshed network within whose spaces the the Large Ganglion Cell 
nerve cells are inclosed. La^ek; from the Retina of 

Nerve Tiber Layer. — The nerve fiber layer, in ^ 
intimate relation with the preceding, forms the inner- axon; c. c, collaterals 

most of the retinal zones. It consists of naked axis- f^o'bker ) 

cylinders passing from their origin in the ganglionic layers to their immediate desti- 
nation, the optic nerve. They are. therefore, mostly if not wholly centripetal fibers. 
A few centrifugal fibers have been demonstrated in this layer, but they would appear 
to be probably vasomotor in function, a few possibly ending in relation to the 
amacrine cells. 

The nerve fibers of this layer converge from all portions of the retina, follow a 
meridional course through the open meshes of the network of branching susten- 
tacular cells, and converge toward the optic papilla, the entrance or rather the 
point of exit, of the optic nerve Hence the nerve fiber layer, being augmented 
oy the constant acquisition of new axons from the ganglion cells becomes pro 
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inner reticular layer and take part m the formation of the dense feltwork of which 
that layer consists. The course of the axis-qdinders of these cells is still a matter 
of some doubt.-Ramon y Cajal, believing these cells to possess no axon, designated 
them "aniacrinc cells” and subdivided them according as their dendrons were dis- 



Fic. Horjzostal Crtu r»oM the Retina’ or a Calf. 
a, cell body; b, axon; e, terminal arbortaations of the axon. Golgi’s stain Xjsa (MarengW.) 

tributed in either one of several horitontal planes (the number varying in different 
species) or diffusely throughout the inner reticular layer. 

Some of the amacrine cells, however, send. an axon in a horizontal direction 
to the inner reticular layer, and arc also in relation with the terminal arboriz.ations 



Fig 570. — Two Amacrine Cells from a Transection of the Retina or a Calf. 
Gold’s stain. Xafio. (Kollikcr.) 

of centrifugal nerve fibers which enter from the nerve fiber layer. These have 
been regarded by some observers as dislocated nerve cells of the ganglion cell layer;. 
Cajal named them ‘‘association amacrins." 

Inner Keticnlar Layer. — ^The inner reticular layer (jimer molecular layer, 
inner plexiform layer) is a densely tangled network of nerve-cell processes, a 
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stance is somewhat thickened ; it sends off fewer but coarser lateral processes, and 
in the midregion of this layer presents an enlargement which is almost entirely 


occupied by the large ovoid nucleus. 

The fiber cell, somewhat narrowed, may 
then be traced through the outer reticular to 
the outer nuclear layer, where its processes 
form a dense network about the nucleated 
segments of the rod and cone visual cells. 

The terminal processes of the fiber cells 
become again flattened, somewhat after the 
manner in which the internal limiting mem- 
brane is formed, and are so closely approxi- 
mated as to form an c.rtfMia? h’ini/inp iiicm- 
branc, a distinctly membranous structure 
which derives a reticular appearance from 
being pierced by each of the innumerable 
rod and cone elements. 

From the outer surface of the expanded 
ends of the mullerian fiber cells which form 
the external limiting membrane, minute fibrils 
are continued between the liases of the non- 
nucleated portions of the rod and con** cells 
to form shallow sockets, the rod and cone 
sockets, into which the bacillary portions of 
these elements are fixed. The neuroglia sup- 
porting tissue includes also the ordinary 
long- and short-ra>ed astrocytes, limited, 
however, to the cerebral portion of the 
retina. 

The Macula Lutca {YcUo7V Spot) 

The macula lutea being apparently the 
most highly developed portion of the retina, 
desep-'es some special consideration. The 
macula is a circular elevation about 2 milli- 
meters in diameter, in the center of which is 
a marked depression, the fovea centralis. It 
IS >ellow in color, due to the presence of a 
pigment The elevation results from an in- 
creased thickness of all the retinal layers, but 
especially of the ganglion cell layer, ivhich in 
this portion of the retina is five or six 
cells deep. The reticular la>ers are also 
much thickened in this area. In the badllaiy 
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gressively thicker toward tlie posterior pole of the eye, and is thickest at the 
margin of the optic papilla, where it is so liigldy developed as to almost exclade 
the other retinal layers. 

The course o! these iinm) elinatcd nerve fillers is not straight; on the contrary, 
they interlace to form a delicate fibrillar network. At the margin of the papilla 
optica the nerve fibers hend outward with a sharp curve almost at right angles 
to their former cour.«c. At this jwlnt also they gradually 



acquire a myelin sheath and, uniting into many bundles, 
penetrate the numcrotis openings of the lamina crihrosa 
of the sclerotic and choroid coats to form the optic 
nerve. - 

SuP(>orthtg Tissues of Ihc Retina 
These consist of a gliaform reticulum distributed 
throughout the cerebral portion of the retina, and of a 
special sup|M)rtmg tissue. Midler’s fibers, which may 
also l»c regardcil as glia tissue, though they are common 
to both the neural and cjiithclial portions. 

Fibers of Muller. — ^Thc fibers of Muller {radial 
fibers; sustcnlacuhr reUs) comprise mtme'rous large glia 
cells whose processes begin with an expanded base at 
the inner surface of the nerve fiber layer, and can be 
traced alt the way through tlic retina to the membrana 
limitans externa, which is likewise formed by the ter- 
minal expansions of these cells. The nucleus of the fiber 
cell lies in the midregion of the inner nuclear layer. 

The expanded and flattened bases or inner extremi- 
ties of these glia cells arc so closely approximated to 
one another as to form a complete investment for the 
inner surface of the retina, which is known as the in- 
ternal limiting membrane {membrana limitans interna) 


Frc. '572— A Fiber Ceu. of ^ncl is frequently classed as the innermost layer of the 


Muller, or Sustentacu- retina. Under low magnification it appears as a con- 

LAR Cell, frosi the Dog's tinuous membrane, but under higher powers it is read- 
ily resolved into the broad, conical, basal expansions of 
z, nerve fiber layer ; 2, which it consists From these initial expansions the glia 
ganglion cell layer, 3, inner „ .... . , . .. £t. 

reticular layer- 4 inner cells may be traced outward through the nerve fiber 


nuclear layer , 5, outer retic- 
ular layer; 6, outer nuclear 
layer ; a, a process extending 
into the inner reticular layer ; 
b, nucleus of the cell; 
m I e., external limiting mem- 
brane; mix, internal limit- 
ing membrane Golgi’s stain 
Highly Tnagnifved. (Cajal.) 


and ganglion cell layers by means of the numerous 
coarse processes or glia fibers. 

The glia fibers then pass in a fairly straight course 
through the inner reticular layer. In this portion numer- 
ous short, fine, lateral offshoots from the main stem 
support the neurospoT^ium of the reticular layer'. Con- 
tinuing through the inner nuclear layer the glia sub- 
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The visual purple is said to be absent in the eyes of the pigeon, the hen, some 
reptiles and some bats. It is supposed to enhance the irritability of the rods in 
dim lights. 

In the eyes of birds and reptiles the cones outnumber the rods; and m certain 
reptiles, c.g., lizards, rods are entirely lacking. In sharks and rays, most nocturnal 
animals’, the owl, and the hat, cones are either absent or few in number or rudi- 
mentary in structure. In the mouse and the cat the rods greatly predominate. 



Fic. 5?5 — Two Early Stages in the Development of the Rod and Cone Visual 
Cells in the Chick. 

A, from twdve-day embryo, showing the visual cell buds containing mitochondria j L.c , 
external limiting membrane , C V , visual cell , R r , externa! reticular layer ; C.(>., bipolar cells ; 
B, from one-day-old chick, showing two complete rods and one cone, both elements containing 
a large lipoid spherule (G) and mitochondria. The cone contains an ellipsoid, (£) ; scg. hit., 
internal segment , jcp ext , external segment (Leplat.) X about 2000. 


According to the view of Krcis (1895) the cones function in the perception of 
color in strong light, the rods are sensitive only to light and darkness. In color 
blindness the cones are defective , in night blindness the rods are afTected. 

Night blindness results from an absence of vitamin A, The visual purple of 
the rod elements of the retina is the product of the combination of vitamin A 
with protein, forming a conjugated carotenoid protein, the rhodopsin or rcUncnc. 
Vitamin A enters also into the chemical cycle of cone vision, forming a cone 
sensitive substance, the so-callcd visual violet or iodopsin. 

Development of Rods and Cones.— The rods and cones arise and by an essen- 
tially identical mode of differentiation from apjiarently similar embryonic cells 
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layer, within the area of the macula, the cones arc far more numerous than 
elsewhere, especially when considerctl in relation to the rods, which are greatly 
diminished peripherally and absent centrally. The cones of the macula arc almost 
twice as long as those of the equatorial region of the retina, the increased length 
being due to elongation both of the internal and external segments, but mainly 
the latter. They arc also somewliat more slender, and their nuclei may be placed 
some distance licyond the external limiting membrane. 

Toward the fovea ccutraUs the inner layers of the retina become very much 
thinned, until at its center the nerve tissues arc merely represented by scattered 



Fic. 574— Dpvelomnc Rod and Cone Viscau Cclls. troni the Retisa op A 
34 S Millimfter (Six Months) Human Fetus. 

M, diplosome in a Muller's fiber at the level of the external limiting membrane; C, tUplosome 
in a cone cell ; F, fiber growing out from the cone diplosome ; F, diplosome in a rod visual 
cell. (Secfelder.) Xtooo. 


cells of the inner nuclear and ganglion cell layers. Rod elements are not found 
in this area; the bacillary layer consists entirely of elongated, slender cones, from 
2 to 4 microns in diameter and from 70 to 80 microns in length. The much 
elongated nuclear portion of the cones deviates in a slanting direction toward the 
margin of the macula, and the cone nuclei are further removed from the external 
limiting membrane tlian elsewhere in the retina. 

The pigment of the epithelial layer is much diminished and may even be 
absent at the fovea. Because of the diminution in the number of ganglion cells 
in this area the nerve fiber layer is greatly diminished in thickness on approach- 
ing the margin of tlie fovea, and toward its center entirely disappears. 

The fovea centralis lies at the posterior pole of the anteroposterior axis. The 
light stimulus here meets least obstruction in passing to the neuro-epithelial ele- 
ments, the photoreceptors, this is the point of acutest vision. The fovea has a 
diameter of about 0.4 millimeter. 

Since the fovea centralis contains no rods, it lacks the visual purple ; and since 
vision is sharpest at this point, the visual purple would seem unessential to sight. 



THE INTERNAL COAT, THE NERVOUS TUNIC 603 

js appropriately described as an inverted sense organ. The most plausible theorj' 
yet proposed in explanation of this inversion of the visual cells seems to be the 
one outlined by Balfour (1881), expressed in terms of the ancestral history of 
the vertebrate eye. (Among the invertebrates an inverted retina is knornt only 
in certain mollusca, c.g., Pccten, and in certain spiders and the scorpion.) 

According to this view the vertebrate retina originated on the outer surface of 
the ancestral ^ertebrate in mucli the way that the eyes of many invertebrates have been 
produced. The primitive retinas thus formed were implanted in that portion of the 
surface of the animal from which the central nervous s>stem was destined to develop, 
and when this was infolded these retinas were carried in with it and came thus to be 
involved in the central organ. If the morphological position of a sensory cell, such 
as may have e.xisted in the primitive e-vtemal retina, is supposed to have been thus 
retained as this organ was carried from its superficial location into the central nervous 
system and out again almost to the external surf.ice, the resulting retina would be com- 
posed of inverted elements (Fig. 576). Tims this theory at once offers an explanation 
for the two most striking features of the vertebrnte retina, namely, its formation as an 
apparent outgrowth from the central nervous system and the inverted condition of its 
receptive cells. 

The difficulties of this theory are discussed, and an alternative theorj', based 
upon the direction eyes of Amphtoxus, is presented by Parker.* 

The Optic Nerve 

The optic nerve is a large nen'e trunk, composed, like the white matter of 
the brain of which it is an ontogenetic portion, of myelinated nerve fibers without 
a neurilemma, supported by a neurogliar network containing long-rayed fibrous 
astrocytes. It receiv’cs an investing sheath from each of the cerebral membranes, 
septa from the pia mater enveloping the several funiculi. These sheaths are 
continued as far forward as the eyeball, at which point they become continuous 
with the sclera. Though the choroid corresponds to the pia mater, the two are 
not apparently jn direct continuity. It has been estimated tliat each optic nerv'e 
contains about half a million fibers; a number equal to that of all the fibers which 
enter the spinal cord by the posterior roots from the whole of the body (Starling). 

L)-ing in the axis of the nerve, the artcria centralis retinae with its accom- 
panying vein enters the eye and appears on the inner surface of the retina at the 
poms opticus (physiologic excavation, optic disk) in the center of the optic papilla. 
Here it divides, its two branches at first pursuing a meridional course between 
the hyaloid membrane and the retinal surface; soon they pierce the latter to supply 
the cerebral (neural) portion of the retina. No vessels penetrate the neuroepithelial 
portion of the retinal layers ; tliese are nourished by the choroid. The vena centralis 
retinae pursues a course like that of the artery. 


Parker, 1908. 
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A protoplasmic bud is pushed beyond the external limiting' membrane towards 
the layer of pigmented cells. The cone bud is from four to five times as stout as 
that of the rod cell. These processes carry' apically a diplosomc, surrounded by 
a lighter cytoplasmic halo. From each member of the dijdosomc a fiber-process 
grows out, one passing towards the elongating distal, the other towards the 
proximal, pole of the cell. The distal process thus l)CComcs enveloped by an 
extension of the cell cytoplasm, the two constituents, fiber and investing cyto- 
plasm, uniting in the formation of the outer segment of the rods and cones. 
Seefelder® has confirmed the essential points in the earlier descriptions of rod 



Fie. 576.— Diagram Illustrating Balfour's Theory to Accou.nt for the Inversion of 
THE Visual Cells of the Verterrate Retina. 

Transverse section tlirousli the head of a hypothetical vertebrate embryo, to show the 
tnorpliological relations of the surfaces of the ectoderm of the integument, the neural tube, and 
tile forming retina. In each of these situations a single sense cell is indicated. (Parker.) 

and cone differentiation by 1 -eboucq (1909) and by Magiott (1910). Leplat’' has 
investigated the role of the mitochondria in connection with this process. He 
describes the migration of the plastosomes into the external segment where they 
become chemically altered and disappear as such in their contribution to the 
homogeneous cytoplasmic sheath of the centrosomal filament of the external seg- 
ment. Leplat inclines to regard the transverse striation of this segment and its 
cleavage into disks by maceration as the e.xpression of its mode of construction 
from mitochondria. It remains uncertain whether the longitudinal fibrillation of 
the internal segments is likewise the probable result of an arrangement of mito- 
chondria in the developing cell; the complete history of these mitochondria has not 
yet been traced. 

Inversion of the Eetina. — ^The receptive cells of -the vertebrate retina exhibit, 
in contrast to all other neuro-epithelial cells, a reversed polarity with respect to 
the source of their special stimulus, the light waves; the transmitting end of the 
cells is nearer the source of the light than the percipient end. The human retina 


6 SeefeMer, I9t4- 
r Leplat, 1913- 
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Crystalline Lens. — The crystalline lens with its suspensory ligament forms a 
sort of diaphragm which separates the ocular cavity into two compartments, of 
which the anterior is occupied by the aqueous humor, the posterior by the vitreous 
humor. 

The lens is a biconvex iTansparent body having a somewhat greater convexity 
on its posterior than on its anterior surface; its curvature is greater at its margin 
than toward its cciUcr. It has a transverse diameter of from 8 to 9 milUmeters, 
and an anteroposterior diameter of from 3.5 to 4 mdUmeters according to the 
degree of accommodation. It consists of a capsule, epitlielmm and a substantia 
Icntis. 

Capsule . — The capsule of the lens is a homogeneous memliranc which covers 
its entire surface and receives the attachment of the suspen-^ory ligament. It 
presents faint meridional striations and may some- 
times be separated into several lamellae. This lamcl- 
lation may lie purely artificial, but appears to be 
somewhat dependent upon tlie attachment of the 
fibers of the suspensory ligament to the surface of 
the lenticular capsule. 

The capsule is about twice as thick over the an- 
terior as over tlie posterior surface of the lens On 
the former surface it is in relation with the lenticular 
epithelium, but on the posterior surface the capsnlc 
rests directly upon the substantia lentis The anterior 
surface of the capsule is in gentle contact with the 
free margin 0! the ins. 

Epithclitun . — The lenticular epithelium consists of 
a single layer of cells which covers the entire anterior 
convexity of the lens, extending as far hack as its 
equator The height of these cells varies with the age 
of the individual. In fetal life they are distinctly 
columnar, in youth short columnar or cuboidal, in 
adult life low cuboidal or flattened. Toward the mar- 
gin of the lens the epithelial cells become progres- 
sively lengthened, and at its equator are transformed 
directly into the fibers of the lenticular substance. 

This^ definitive structure of the lens recalls its manner of development from the 
original lens vesicle; the hollow vesicle becomes solid by the elongation of the cells 
of the postenal wall. 

Lcnfi^—The substantia lentis is. therefore, the product of the 
epn elium of the lens, whose cells become greatly elongated to form slender 
hexagonal prisms, known as the lens fibers When it is first formed each prism 
ex I its a nucleus which persists for some time, but gradually disappears as in 

e process of growth the older fibers become farther and farther removed from 
their source of nutrition, the lymph and the aqueous humor in which the surface 



Fig 576 — Lcns Fibeps 
i, in profile, from the crystal- 
line lens of the ox’s eye; in 
transection, from the Imman 
crystalline lens. X350. (KolU- 
ker ) 
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The Ora Scrrata 

At tlie ora serrata (Fig. 550) the typical layers of the retina, already much 
thinned, abruptly cease. The first elements to disaj)j)car are the rods and cones. 
The cones, which become mucli shorter, and practically lack the outer segment, 
extend farther toward the ora tlian the rods. The remaining layers arc continued 



forward only as the double layer of 
epithelial cells belonging to the pars 
ciliaris retinae, the inner stratum of 
which appears to Jk; analogous to and 
continuous with the cerebral portion of 
the retina, apparently the sustentacular 
cells; while tlic outer, deeply pigmented 
layer apparently represents the pig- 
mented layer of the retina. For some 
distance toward the ora serrata, the 
retina becomes mollified by the pres- 
ence of large vacuoles, probably IjTiiph 
spaces. 

THE OOHLAR CONTENTS 

Within the ocular globe, whose 
walls arc fonned by the three coats of 
the c>e, arc certain structures which 
may be collectively considered as its 
contents. They are: aqueous humor, 
cry’StalHne lens, vitreous humor, h>a- 
lotd membrane and suspensory liga- 
ment. 

Aqueous Humor. — ^The aqueous 
humor is a fluid, closely allied to lymph, 
which occupies the anterior and pos- 
terior chambers of the eye. Micro- 
scopically it is structureless. Occasional 
leukocytes, migrants from adjacent 
I^miph channels, nia}' be encountered. 

It is in virtual equilibrium with the 
cerebrospinal fluid and the blood 
plasma. It is more intimately related to 
the venous pressure, being only slightly 
affected by changes in the arterial pres- 
sure." 


» Fremont- Smith and Forbes, 1927 
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and varicose processes, have been demonstrated m smab numbers witbin the 
vitreous body. Small rounded cells somewhat resembling leukocytes are also found, 
but for the most part they are flattened gainst the hj'aloid membrane. They occur 
in very limited numbers. 

These various cells, as well as occasional filamentous remnants of the original 
mesenchymal constituents of the vitreous humor, may cast shadows upon the 
retina within the visual field. Such shadows, called murcoe volitanlcs, on account 
of their flitting motion when the eyes are moved, are seen when looking at a 



Fig 579.~The Nucleau Zone at tub Margin ok the Crystalline Lens of a Child’s Eye 

SUDNVING THE TRANSITION OK TnE LenS EPItmuUM TO THE LENS FlBERS AND THE At- 
tacumfnt of the Susfensory Ligament 

a. lens fibers, b, lenticular epilheliuin; c, capsule of the lens; d, suspensory ligament. X273 

bright light, or frequently in looking through the microscope. In advanced age 
crystals may form in the vitreous which are observed to settle to the bottom of 
the eye when the e>es are held stiH. 

Hyaloid Membrane.— The hyaloid membrane is a very thin structure which 
surrounds the vitreous humor and unites it to the inner surface of the retina 
and the crystalline lens. It consists of ddicate glassy libers so disposed as to 
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of the lens is bathed. This change is accompanied by a hardening or cornification 
and slight shrinkage of the lens fibers, so that those prisms which come to occupy 
the center of the lens form a dense, hard mass of non-nucleated fibrous cells with 
faintly serrated margins. The peripheral fibers retain their smooth edges and their 
nuclei, and form a protoplasmic mass of much softer consistency. The hardened 
central mass is the so-called nucleus of the lens. Any opacity of the lens or its 
capsule is known as a cataract. 

The nuclei of the lens fibers remain in the neighborhood of the equator, where 
they are first formed, and are thus contained within a narrow, superficial, equa- 
torial zone, the nuclear sane. 

Each lens fiber is disposed along a meridian of the lens, and extends from 
its anterior to its posterior hemisphere. The fibers are so arranged that they abut 
upon one another, end to end, along V-shaped lines which radiate from either 
pole. This union is often quite firm, and thus are formed long fibrous bands 
which can be traced from the anterior to the posterior hemispheres of the lens. 
These bands arc distributed in a peculiar manner. Near each pole along the line 
of abutment, the band may he said to tend upon itself with a sharp curve — 
making an angle of about 6o degrees — whose convexity is directed toward the 
pole, the parallel fibers being so arranged as to form a sector whose apex is also 
directed to\\'ard the pole. The corresponding sectors of opposite poles overlap 
one another so that the fibrous bands are continued from one side of one polar 
mass to the reverse side of the overlapping sector and so back, on the farther 
side, to the adjacent sector of the fonner hemisphere. By teasing, fibrous bands 
can sometimes be traced successively through all of the polar sectors and thus 
back to a sector beneath that from which the start was made. Obviously no 
individual lens fiber is of sufficient length to extend from pole to pole of the lens 

The polar figures formed by the lines of terminal union of the lens fibers are 
known as lens stars. These are at first three-rayed, but later become six- and 
even nine-rayed. 

During the earlier stages of the development the lens is invested by a delicate 
vascular membrane, the tunica vasculosa lentis (designated pupillary membrane 
in front), supplied by the hyaloid artery continued from the central artery of the 
retina. This tunic normally disappears before birth. Its atypical persistence in 
whole or in part seriously interferes with vision. 

Vitreous Humor. — The vitreous humor (vitreous body) is a soft jeliy-h’ke 
mass which fills the entire cavity of the eye behind the line of the ora serrata and 
crystalline lens. About 98 per cent of its composition is water. It is completely 
invested by the hyaloid membrane. Its anterior excavation which holds the pos- 
terior convexity of the lens is known as the hyaloid or patellar fossa. The vitre- 
ous humor appears to be a peculiarly delicate form of very loose gelatinous 
connective tissue whose scanty fibers present a somewhat concentrically lamel- 
lated arrangement and are so very delicate as to be recognized under ordinary 
conditions only with the greatest difficulty. 

Occasionally stellate and fusiform cells, remarkable for their large vacuoles 



THE OCUIJ^R contents C07 

and -^’aficose processes, have been demonstrated in small numbers within the 
vitreous body, Small rounded cells somewhat resembling leukocytes are also found, 
but for the most part they are flattened against the hyaloid membrane. They occur 
in very limited numbers. 

These various cells, as well as occasional filamentous remnants of the original 
mesench>mal constituents of the vitreous humor, may cast shadows upon the 
retina within the visual field Such shadows, called niurroc volUanfes, on account 
of their flitting motion when the eyes arc moved, arc seen w'hen looking at a 
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Fig. S79— The Nucxear Zone at the Margin of the Crystalline Lens of a Ciiilp’s Eye 
Showing the Transition of tue Lens EmiiEUOM to the Lf.ns Fibers and the At- 
tacumfnt of the Suspensory Ligament 

a, lens fibers , b, tenUcutar ep'ubctmm; f, oapside ot tbe kns d. suspensory ligament. X273. 

bright light, or irequeirtly in looking through the microscope. In advanced age 
crystals may form m the vitreous which arc observed to settle to the bottom of 
the eye when the eyes are held still. 

Hyaloid Membrane— The hyaloid membrane is a very thin structure which 
surrounds the vitreous humor and unites it to the inner surface of the retina 
and the crystalline lens. It consists of delicate glassy fibers so disposed as to 
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form an extremely tiun reticular membrane. It passes forward over the inner 
surface of the retina, to which it is loosely united, until at the ora serrata its 
fibers leave the retinal surface and pass inward to the margin of the lens to 
become inserted into the lenticular capsule. * 

Suspensory Ligament (Zonula Ciliaris). — Certain fibers from tbe hyaloid 
membrane pass forward from the ora serrata and arc firmly adherent to the ciliary 
processes, or become attached in the grooves lictween the processes. From the 
sides of these processes fibers diverge at frequent intervals and pass to the margin 
of the lens, where they arc attached on either side of the equator, spreading over 
a zone which is somewhat narrower posteriorly than anteriorly. These fibers form 
the suspensory ligament of the crystalline lens (Figs. 556, 579). They occupy 
an annular zone which is included lictwccn the ciliary processes and the margin 
of the lens, and which is known as the zonula cUtarh (of ^hin). 

The glassy fibers of this ligament take origin from the sides of the ciliary 
processes along which they arc firmly attached, liecoming free only near the apices 
of these processes. They pass .thence to the margin of the lens and spread out 
upon the surface of the capsule to which they are intimately adherent. The fibers 
arising more posteriorly arc said to be attached to the lens anteriorly to the equator, 
those arising from the more anterior portions of the ciliary processes becoming 
attached posteriorly to the equator of the lens. 

The most anterior of these filers form a somewhat plicated but incomplete 
membrane which serves as the anterior l>oiindary of an annular series of con- 
necting lymphatic spaces collectively forming the sfalla comilans (canals of Petit). 
This irregularly sacculated, annular canal is bounded posteriorly by the hploid 
membrane, anteriorly by the incomplete membranous wall of the posterior cliamber 
through which .the aqueous humor readily diffuses, internally by the margin of 
the crystalline lens, and antero-e.xtemally by the ciliary processes. Besides support- 
ing the lens, the suspensory ligament assists in the accommodation of the lens 
to far and near vision, a process involving a change of convexity, and dependent 
upon the activity of the ciliary muscle. 

BLOOD VESSELS 

The circulation of blood in the globe of the eye is maintained through four 
sets of vessels: (i) the arteria and vena centralis retinae, (2) the short ciliary 
arteries and venae vorticosae, (3) the long ciliary arteries and (4) the anterior 
ciliary arteries and veins 

Arteria Centralis. — ^The arteria centralis, destined for the supply of the retina, 
enters the optic nerve about midway between the optic commissure and the ocular 
globe, and arriving at the center of the nerve runs in its axis to the papilla optica. 
Here it divides into two branches, an inferior and a superior, which, by rapid 
dichotomous division, radiate from the optic papilla to all parts of the retinal 
surface, thereby forming a plexus of small arteries within the nerve fiber and 
ganglion cell layers. From this plexus capillaries are distributed to all the cerebral 
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layers of the retina. No blood vessels are found within the neuro-epithelial layers. 
The retinal arteries, like those of the brain, do not anastomose with one another; 

they are terminal arteries. _ 

The retinal veins follow the course of the arteries; they converge to form a 



Fic. 580 — Schematic Repbese.vtatiom of Tut Iktrinsic Blood Vessels op the Eye, 
Arteries in outline, veins in solid black. A, choroid; a, central artery, and a^, vein of the 
retina; B. conjunctiva; b, retinal arteries; bj, retinal veins; c. (, short ciliary arteries; d, long 
ciliary artery; c, anterior ciliary arteries and veins; f. choriocapillans ; (7, capillaries of the 
ciliary liody ; H, cornea , It, circulus major of the iridal arteries , t, arteries, and j,, veins of the 
ins, k, circulus minor of the indal arteries; L, crystalline lens; J, venae vorticosae; jii, anasto- 
mosis of ciliary and anterior ciliary veins; N, retina; ti, canal of Schicmm; O. optic ner\’e; 
o, posterior conjunctival artery , and 0,, vein; p, anterior conjunctival vessels ; q, vascular loops 
at the margin of the cornea; R, internal rectus rnusde; S, sheath of the optic nerve; Sc sclera 
(Leber.) ’ 



single efferent vessel, the vena centralis retinae. The retinal veins are peculiar in that 
tiieir walls contain no muscle. The optic nerve is supplied with small branches 
from the arteria and vena centralis retinae in their passage through its substance. 

In the fetus a small branch, the hyaloid artery, apparently the direct con- 
tinuation of the arteria centralis retinae, passes forward through the vitreous 
humor to the posterior surface of the lens, whence capillary vessels pass around 
the margin of the lens and arc connected with the anterior ciliary vessels at the 
margin of the iris. The hyaloid artery supplies blood to the fetal tunica vasculosa 
lentis for the nutrition of the developing lens. Before birth these vessels disap- 
pear. The hyaloid artery remains for a time as a delicate fibrous strand, occu- 
pjing the persistent canalais hyalotdcus or canal of Stilling, which lies almost in 
the visual axis and extends from the papilla optica to the posterior surface of 
the lens. The hyaloid canal (also called the canal of Qoquet) establishes a chan- 
nel between the aqueous humor and the lymphatic spaces of the retina. In adult 
life both the vitreous humor and the crystalline lens are bloodless tissues. 

Short Ciliary Arteries. — ^The short ciliary arteries, twelve to fifteen in number, 
enter the globe of the eye in a circle {cireh of Zinn) which surrounds the optic 
nerve. They supply branches to the meningeal sheaths of the optic nerve and to 
the sclera, their main stems penetrating this coat to enter the choroid. Here they 
subdivide to form the plexus of arteries in the lamina vasculosa from which 
the vessels of the choriocapillaris are supplied. The capillaries of the last-named 
layer unite to form small venous radicles which converge toward the equator of 
the eye. Here they unite in a whorl-like manner to form the four or five venae 
vorlieosae, which pass obliquely backward through the sclera, receiving additional 
branches from this coat, and finally emerging from the eye to empty into the 
ophthalmic vein. 

The vessels of the choroid communicate posteriorly with those of the optic 
nerve, and anteriorly, by a free anastomosis, with those of the ciliary processes. 

Long Ciliary Arteries. — ^The long ciliary arteries, two in number, enter 
peripherally at the circle of Zmn on either side of the optic nerve, and pass hori- 
zontally forward upon the outer surface of the choroid to the ciliary muscle 
Near the base of the iris they divide, and by anastomosis with each other and 
with the anterior ciliary arteries form a vascular ring, the circithts arteriosus 
iridis major, about the base of the iris. 

From this circle recurrent branches supply the ciliary body and anastomose 
with the vessels of the choroid; other branches pass into the iris and, converging 
toward the visual axis form, just outside the pupillary margin, a second annular 
anastomosis, the circulus minor. 

The veins of the iris and ciliary body follow closely the distribution of the . 
arteries, the greater portion of their blood returning through the veins of the 
choroid and the venae vorticosae. Some, however, is returned by means of 
anastomoses with the anterior ciliary vdns. 

Anterior Ciliary Arteries. — ^The anterior cilkuy arteries, eight in number, and 
derived from the muscular and lacrimal branches of the ophthalmic, distribute 
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branches to the conjunctiva and sclera. Within the sclera, about 2 millimeters 
outside of the corneal margin, they pass to the circulus iridis major and partially 
supply the iris and ciliary body as already described. 

The anterior ciliary veins follow the course of the corresponding arteries. 
They empty into the vessels of the ocular conjunctiva. 


the lymphatic systems 

The lymphatic systems of the eye include very few true lymphatic vessels, 
but consist rather of a series of channels which may be arbitrarily considered as 
an anterior and a posterior set of intercommunicating spaces. The former set 
includes the l)mphaiic spaces of the cornea, the spaces of Fontana, the anterior 
and posterior chambers, the lymphatic clefts of the ciliary muscle and iris, and 
the zonular spaces or canals of Petit. The posterior set includes the subdural and 
subarachnoid spaces in the sheath of the optic nerve, the capsule of Tenon, the 
lymphatic spaces of the lamina suprachoroidea, the perivascular spaces of the 
choroid and retina, the irregular clefts between the pigmentary and bacillary 
layers of the retina, the similar clefts of the ganglion cell layer, the lymphatic 
spaces of the hyaloid membrane, the hyaloid canal, and the interstices of the 
vitreous humor. 

These two sets of lymphatic channels communicate with each other by means 
of the perivascular spaces of the two outer tunics, as well as through that portion 
of the hyaloid membrane which forms the posterior wall of the spatia zonularis, 
through the clefts of which and the liyaloid canal the lymph of the vitreous body 
communicates freely with the aqueous humor of the spatia zonularis and posterior 
chamber. Consequently, if the cornea be penetrated either accidentally or other- 
wise, and the anterior and posterior chambers he emptied, their aqueous luimor is 
rapidly replaced, not only from the adjacent spaces of the anterior .set of lym- 
phatic vessels, but from the vitreous humor and posterior set as well. 

It is also important to note that the posterior set of lymphatic spaces is directly 
connected through the meningeal sheaths of the optic nerve yvith the subdural and 
subarachnoid spaces of the cerebral meninges. 

NERVES 

The nerves of the eye, m addition to the optic, are the long and short ciliary 
branches of the ophthalmic nerve. The former, two or three in number, and the 
latter, six* to ten, after supplying a vasomotor branch to the arteria centralis 
retinae, pierce the sclera in company with the corresponding ciliary arteries and 
pass meridionally forward on the inner surface of the sclera. Here they supply 
branches to this tunic and to the vessels of the choroid, and ftnally reaching the 
ciliary muscle, their branches form an annular plexus containing a few ganelion 
cells. ^ ^ 

From this plexus fibrils are supplied to the blood vessels and muscular tissues 
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single efferent vessel, the vena centralis retinae. The retinal veins are peculiar in that 
tiieir walls contain no muscle. The optic nerve is supplied with small branches 
from the artcria and vena centralis retinae in their passage through its substance. 

In the fetus a small branch, the hyaloid artery, apparently the direct con- 
tinuation of the arteria centralis retinae, passes forward through the vitreous 
humor to the posterior surface of the lens, whence capillary vessels pass around 
the margin of the lens and are connected with the anterior ciliary vessels at the 
margin of the iris. The hyaloid artery supplies blood to the fetal tunica vasculosa 
lends for the nutrition of the developing lens. Before birth these vessels disap- 
pear. The hyaloid artery remains for a time as a delicate fibrous strand, occu- 
pying the persistent canalais hyaioidetts or caual of Stillmg, which lies almost in 
the visual axis and extends from the papilla optica to the posterior surface of 
the lens. The hyaloid canal (also called the can.il of Qoquet) establishes a chan- 
nel between the aqueous humor and the lymphatic spaces of the retina. In adult 
life both the vitreous humor and the crystalline lens are bloodless tissues. 

Short Ciliary Arteries. — ^The short ciliary arteries, twelve to fifteen in number, 
enter the globe of the eye in a circle (circle of Ziiui) which surrounds the optic 
nerve. They supply branches to the meningeal sheaths of the optic nerve and to 
the sclera, their main stems penetrating this coat to enter the choroid. Here they 
subdivide to form the plexus of arteries in the lamina vasculosa from which 
the vessels of the chorlocapillaris are supplied. The capillaries of the last-named 
layer unite to form small venous radicles which converge toward the equator of 
the eye. Here they unite in a whorl-Hke manner to form the four or five venae 
vortieosae, which pass obliquely backward through the sclera, receKnng additional 
branches from this coat, and finally emerging from the eye to empty into the 
ophthalmic vein. 

The vessels of the choroid communicate posteriorly with those of the optic 
nerve, and anteriorly, by a free anastomosis, wth those of the ciliary processes. 

Long Ciliary Arteries. — ^The long ciliary arteries, tivo in number, enter 
peripherally at the circle of Zinn on either side of the optic nerve, and pass hori- 
zontally forward upon the outer surface of the choroid to the ciliary muscle. 
Near the base of the ins they divide, and by anastomosis with each other and 
with the anterior ciliary arteries form a vascular ring, the circuhis arteriosus 
tndis major, about the base of the iris. 

From this circle recurrent branches supply the ciliary body and anastomose 
with the vessels of the choroid; other branches pass into the ins and, converging 
toward the visual axis fonn, just outside the pupillary margin, a second annular 
anastomosis, the circulus minor. 

The veins of the ins and ciliary body follow closely the distribution of the 
arteries, the greater portion of their blood returning through the veins of the 
choroid and the venae vortieosae. Some, however, is returned by means of 
anastomoses with the anterior ciliary vdns. 

Anterior Ciliary Arteries. — ^The anterior ciliary arteries, eight in number, and 
derived from the muscular and lacrimal branches of the ophthalmic, distribute 
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fatty degeneratiDit attd is stmita in structure to the saccules of the ordinary 
sebaceous glands. The glands are embedded in the eonnect.ve fssue of dte con- 
iunctiva and are so large as to form projecting ndges on its surface, which are 
disposed in vertical lines radiating from the row of glandular orifices at the margin 



Fic 5 S 1 . — VtBTitM. Stenos vnuonoTs tire 13??^ Eyzut> 
a, sweat glands; ai, primary tarsal arch; as, secondary tarsal arch; b, conjunctival epi- 
thelium; c, eyelashes, co, rugated portion of the conjunctiva; d, epidermis, r, fine hairs, f, 
process of the levator paipcbrae soperions which is inserted into the skin, (7, meibomian gland; 
/», internal angle of the margin of the hd ; I, levator palpebrae superioris , m. duct of a meibomian 
gland; 0 , otbiculatvs palpebrarum muscle; P, superior p^-tl'^bral muscle of Muller; r, ciliary 
muscle of Riolan ; s, glands of Moll ; t, fibrous tissue of the tarsus . f, external angle of the 
margin of the Ud; U’, posterior tarsal glands, s, sclaccous glands {Fuchs ) 

of the hd. At their hVmd extremities the glands are often slighth’ bent or curved 
upon themselves, and this portion is embedded in a dense mass of fibrous tissue 
known as the tarsus. 

The tarsus in each eyelid forms a comjKtct plate-like mass of areolar con- 
nective tissue which is so dense and resistant as erroneously to suggest a car- 
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of the ciliary body and iris, and to the cornea. The corneal branches pass to the 
annular plexus at the sclerocorneal junction from whence they are distributed 
to the comeal tissues. The long ciliary nerves supply the dilator muscle fibers of 
the iris. The short ciliary nerves supply the constrictor fibers. 

APPENDAGES 

The appendages of the eye include the eyelids, conjunctiva and lacrimal glands. 

The Eyelids. — ^The eyelids arc developed in the embryo through an invagina- 
tion of the skin, which, leaving a slit-like aperture (the palpebral fissure) between 
its involuted margins, covers the inner surface of the lid to fonn the palpebral 
conjtmciwa, and is reflected over the globe of the eye as the ocular confinictiva 
and anterior corneal epithelium. 

The lids, therefore, may be said to consist of two membranous portions, the 
cutaneous (outer or anterior) and the conjunctival (inner or posterior). Between 
these two portions the orbicularis palpebrarum forms a septum of striated muscle 
fibers. 

Cutaneous Portion . — ^The cutaneous portion of the eyelid differs from other 
portions of the skin only in that its subcutaneous tissue contains no fat. The derma 
is loosely connected with the muscle by a wide-meshed areolar tissue. Fine hairs 
are distributed over the cutaneous surface, their follitics extending well down 
through the derma. Small sebaceous glands ojwn into the hair follicles and occa- 
sional sudoriparous glands pour their secretion upon the epidermal surface. 

At the margin of the lid its cutaneous portion is reflected inward, and at its 
inner angle becomes directly continuous with the palpebral conjunctiva. The free 
margin of the lid presents, therefore, an outer angle, an inner angle, and an inter- 
mediate sttrface. 

Two or three rows of large stiff hairs, the eyelashes or cilia, project from the 
outer angle, and large sebaceous glands open into their follicles. Other smaller 
sebaceous glands open directly upon the free surface. These sebaceous glands are 
sometimes called the glands of Zeiss. 

The intermediate surface of the margin of the lid retains the character of the 
skin, though no hairs are found in this portion. Peculiar sweat glands, the glands 
of Moll, occur in the derma of this part. 

At the inner angle of the lid the epidermis abruptly changes its character 
to that of the conjunctiva, the derma of the cutaneous surface being continuous 
with the submucous connective tissue of this membrane. At the inner angle, also, 
are the openings of the peculiar large sebaceous glands, the tarsal glands (of 
Meibom), their orifices forming a continuous punctate row of pores barely visible 
to the naked eye. 

Tarsal Glands. — ^The tarsal (meibomian) glands are long compound saccu- 
lar glands, about thirty in the upper, and about twenty in the lower lid, whose 
secreting saccules open into a common, axially placed duct which extends the 
whole length of the gland Each saonile is filled Avith cells in various stages of 
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tlie ephhe^mm become at fttst spberoidal and then, as the cornea is approached, 
they are progressively flattened, so tliat, just outside of the corneal margin, the 
conjunctival epithelium conforms to the stratified squamous type which forms the 
anterior epithelium of the cornea. 

Blood Supply.—'Thc: blood supply of the eyelids is derived from the internal 
palpebral artery which furnishes a branch to each lid ; these two branches anasto- 
mose at the external angle with the lacrimal 
branch of the ophtlialmic, through the ex- 
ternal palpebral artery These transverse 
arterial vessels (primary tarsal arches) lie. 
near the free margin of the lids between the 
tarsus and the obicularis palpcbramm mus- 
cle. Each tarsal arch sends pre-tarsal twigs 
forward to supply the muscle and integu- 
ment, and post-tarsal twigs backward to sup- 
ply the tarsal fascia, the tarsal glands and 
the conjunctiva. At the basal end of the 
tarsus, just back of the levator palpchrac 
muscle, a second arch (^rcondory 
arch) may be present, more commonly in the 
upper lid. This second arch represents a 
larger branch of the palpebral artery, and it 
anastomoses freely with the primary arch. 

The veins follow an essentially similar course. The likewise include a 

pre~ and /> 05 t-far 4 :a{ set. which unite to form larger tarsal tributaries which drain 
along the facial vein toward the submaxdlar> lymph nodes. 

Burch has investigated the superficial J\mph supply of the eyelid. The major 
vessels course parallel to the hd margin (Fig 583). There are at least four main 
vessels, two coursing medially and generally two laterally. There may be three or 
four vessels in the lateral portion of the upper hd. Both groups of parallel vessels 
unite medially and laterally to form common trunks. 

Nerve Supply. — ^The nerve supply includes sensory, motor and autonomic 
fibers. The main trunks lie between the tarsus and the orbicularis palpebrarum 
muscle. The autonomic fibers supply the blood vessels, the smooth muscle of 
Muller, and the glands Motor fibers contributed by the facial nerve, supply the 
annular sheet of striped muscle. 

The oculomotor nerve contributes motor fibers to the levator palpebrae mus- 
cle. The sensory fibers, which are denved from the trigeminal nerve, end in 
naked fibrils among the cells of the external integument and the inteimal con- 
junctiva, and in (he subcutaneous connective tissue and the tarsus. Numerous 
sensory fibrils end also in special end-bulbs, especially along the inner margin 
of the lids; similar endings occur in the palpebral and bulbar conjunctiva. 



F;c. 582.— Autejual Sumy of the 
Eyflib 
(Fox.) 


Burch, 1938. 
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tilaginous structure. It is inserted between the conjunctiva and the orbicularis 
muscle. It is thickest toward the free margin of the lid, but becomes progressively 
thinner in the opposite direction, until, as a mere fibrous membrane, the palpebral 
fascia, it is continued to the margin of the orbit. - 

Conjunctival Portion . — The conjunctival portion of the lids, the palpebral con- 
junctiva, consists of a peculiar stratified epithelium and a thin connective tissue 
corium. Its epithelium comprises four or five layers of cells, the deeper of which 
are small and spheroidal, and the superficial elongated or conical, their blunt ends 
forming the free surface of the conjunctiva, their pointed extremities buried 
between the cells of the deeper layers. The bases of these elongated cells become 
somewhat expanded and broader from the increased tension of the conjunctiva 
when the lids are closed; they retract and become narrower when the lids are 
separated and the conjunctiva relaxed. 

The cells of the superficial layer are often so distinctly elongated as to possess 
a columnar form. They may, however, be spheroidal or even somewhat flattened, 
in which case they closely resemble the ordinary type of stratified squamous 
epithelium. The epithelial layer rests almost directly upon the connective tissue 
corium, the basement membrane being imperfectly developed. 

The corium of the conjunctiva is thin. With the aid of a thin layer of sub- 
mucous areolar tissue it unites the epithelium to the tarsus and to the fibers of 
the orbicularis muscle ; near the margin of the lid its submucous tissue incloses 
the meibomian glands. Opposite the plane at which the blind ends of the meibo- 
mian glands are embedded in the free margin of the tarsus, the conjunctival 
surface is thrown into eight to twelve horizontal folds, beneath which, in the 
connective tissue, are a few minute tubulo-alveolar glands, the posterior tarsal 
glands (glands of Waldeyer, glands of Henle). Their ducts open upon the free 
surface of the conjunctiva near the fornix conjunctivae. 

At the attached base of the lid a narrow band of smooth muscle extends 
from the levator .palpebrae and inferior oblique muscles into the body of the lid. 
These fibers have been described by H. Muller (1858) as the superior and inferior 
palpebral muscle of the upper and lower lid, respectively, and have come to be 
known as the muscle of Muller. 

The fold by which the palpebral conjunctiva is reflected upon the globe of the 
eye to become continuous with the ocular portion of the membrane is known as 
the fornix conjunctivae. The extremely loose attachment of the conjunctiva of 
the fornix to the underlying connective tissue and intra-orbital fat permits the 
great freedom of motion which is characteristic of the ocular globe. The small 
accessory lacrimal glands (glands of Krause) open into the margin of the fornix 
conjunctivae. The superior fornix contains from eight to twenty, the inferior 
from two to five. In this region, also, occasional goblet cells occur in the super- 
ficial lajers of the epithelium. 

The ocular conjunctiva is likewise very loosely attached to the sclera. The 
scleral portion of the conjunctiva is nearly identical in structure with the palpebral 
portion already described. Near the margin of the cornea the superficial cells of 
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porlion and the inferior lobe or palpebral portion, and are united by thin fibrous 
fasciae which contain the larger ducts. 

Each lobule of the gland contains many scrous-sccreting acini and numerous 
small intralobular ducts. The secreting acini arc lined with tall columnar cells, 
resting upon a thin basement membrane, which is supplied with basket cells 
and is invested with a delicate fibrous lamina propria. The appearance of the 



Fig 584— Section through a Lobui-e of the Lacrimai. Guasb of Man. 
a, small duct branching within the lobule; b. intercalary ducts; c, connective tissue; fat 
cells. A, transection of an interlobular duct. Hematoxylin and eosin. X112 (Kolliker ) 

secreting epithelium differs somewhat according to its state of activity. After a 
period of rest, and in tlte ordinary condition of relative inactivity, the epithelium 
becomes distended with secretion and is either clear in appearance or at most is 
only very finely granular. 

The nuclei are crowded to the base of the swollen cells, and the lumen of 
the acinus is very small After a period of excessive activity the secreting cells 
become shrunken and more distincrty granular, and the lumen of the acinus appears 
much dilated 

The secreting acini empty into narrow wtcnolary ducts which lie within the 
lobule, have a considerable lumen, and are lined with tall columnar cells resting 
upon a second incomplete layer of snuU, somewhat flattened basket cells. 

Tliese Tiifra^oZmfar ducts unite at the margin of the lobule to form the larger 
wtcrlobidar ducts, which are contained in the interlobular connective tissue. Here 
the duct is lined with low columnar or even somewhat flattened cells, at first 
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The Lacrimti .1 Lake. — In the O'Shapcd area of tlic internal canthus, the lams 
lacrimalis, lies a roughened irregular reddish nms of delicate niodificcl skin, the 
caruncle {caruucula lacriuialis). It is cmlicddctl in fat and contains a number of 
very delicate hairs, large scliaceous glands and a few sweat glands. Where the 
borders of the lake pass itito the palpebral margins there ai)jicars a slightly raised 
papilla lacrimalis. each of which contains an apical ojicning. the puncia lacrimalia, 
leading into the two cana/jfidi lacrintalcs, winch conduct the excess of lacrimal 



Fig 583— a Composite Drawujg of the Superficial Lymphatics of tme Eyelids as 
Observf-d tjf Twenty-five Normal Livino Subjects. 

The arrows indicate the sites 0! dye injection. (Burch) 


secretion or tears into the iiajofacn'iiiaf duct. To the outer side of the lacrimal 
lake there appears a vertical crescentic fold of delicate skin, the plica scmiluiians, 
which is the homologue of a functional third eyelid (nictitating membrane) of 
birds and reptiles. 

The Lacrimal Gland. — ^Tbe lacrimal glands are two flattened, lobulated, gland- 
ular masses situated at the upper and outer angle of the orbit, one in relation 
with each eye. They secrete a clear watery fluid, the tears. These glands are 
somewhat molded to conform to the shape of the orbit and the globe of the eye, 
between which they are inserted. 

Each lacrimal gland is a secreting gland of the compound tubular type (Fig. 
270), and consists of eight to twelve snudi lobules which open into the fornix 
conjunctivae by about as many minute ducts. The lobules are aggregated into 
two fairly distinct lobes, separated by a denser fascia, the superior lobe or orbital 
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portion and the inferior lobe or palpebral portion, and are united by thin fibrous 
fasciae which contain the larger ducts. 

Each lobule of the gland contains many serous-secreting acini and numerous 
small intralobular ducts. The secreting acini are lined with tall columnar cells, 
resting upon a thin basement membrane, which is supplied with basket cells 
and is invested with a delicate fibrous lamina propria. The appearance of the 



Fig. 584 — Section througu a Lobule of the LACRiiiAL Gland of Man. 
a, small duct branching within the lobule; b, intercalary’ ducts; c, connective tissue; f, fat 
cells. A, transection of an interlobular duct Hematoxylin and eosin. X112. (Kolliker.) 

secreting epithelium differs somewhat according to its state of activity. After a 
period of rest, and in the ordinary condition of relative inactivity, the epithelium 
becomes distended with secretion and is either clear in appearance or at most is 
only very finely granular. 

The nuclei are crowded to the base of the swollen cells, and the lumen of 
the acinus is very small. After a period of excessive activity the secreting cells 
become shrunken and more distinctly granular, and the lumen of the acinus appears 
much dilated. 

The secreting acini empty into narrow' intercalary ducts which He within the 
lobule, have a considerable lumen, and are lined with tall columnar cells resting 
upon a second incomplete layer of small, somewhat flattened basket cells. 

These intralobular ducts unite at the margin of the lobule to form the larger 
interlobular ducts, which are contained in the interlobular connective tissue. Here 
the duct is lined with low columnar or even somewhat flattened cells, at first 



6i6 


THE EYE 


The Lacrimal Lake. — In the 0*shapcd area of the internal canthus, the laens 
lacriuujlis, lies a roughened irregular reddish mass of delicate modified skin, the 
caruncle {carnncxila lacrtmalis). It is cmlieddcd in fat and contains a number of 
very delicate hairs, large sebaceous glands and a few sweat glands. Where the 
borders of the lake pass into the palixrhral maipns there appears a slightly raised 
papilla lacrtmalis, each of wlJch contains an apical ojwning, the puncta lacrimalia, 
leading into the two camliculi lacritnales, which conduct the excess of lacrimal 



Fic. 583— A Composite Drawing of the Superficial Lymphatics op the Eyelids as 
Observed in Twenty-five Normal Livjnc Subjects. 

The arrows indicate the sites of dye injection. (Burch.) 


secretion or tears into the nasolacrimal duct. To the outer side of the lacrimal 
lake there appears a vertical crescentic fold of delicate skin, the plica semilunaris, 
which is the homologue of a functional third eyelid (nictitating membrane) of 
birds and reptiles 

The Lacrimal Gland. — ^The lacrimal glands are two flattened, lobulated, gland- 
ular masses situated at the upper and outer angle of the orbit, one in relation 
with each eye. They secrete a clear watery fluid, the tears. These glands are 
somewhat molded to conform to the shape of the orbit and the globe of the eye, 
between which they are inserted. 

T Tprb lacrimal gland is a secreting gland of the compound tubular type (Fig. 
'>70), and consists of eight to twelve small lobules which open into the fornix 
conjunctivae by about as many minute ducts. The lobules are aggregated into 
two fairly distinct lobes, separated a denser fascia, the superior lobe or orbital 
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portion and the inferior lobe or palpebral portion, and are united by thin fibrous 
fasciae which contain the larger ducts. 

Each lobule of the gland contains many serous-secreting acini and numerous 
small intralobular ducts. The secreting acini are lined with tall columnar cells, 
resting upon a thin basement membrane, which is supplied with basket cells 
and is invested with a delicate fibrous lamina propria. The appearance of the 



Fic. 584. — Section TiiRoucn a Lobule of the Lacrimal Gland of Man. 
a, small duct branching within the lobule, b, intercalary ducts, c, connective tissue; /, fat 
cells. A, transection of an interlobular duct Hematoxylin and cosin. Xii2. (Kdlhker.) 

secreting epithelium differs somewhat according to its state of activity. After a 
period of rest, and in the ordinary condition of relative inactivity, the epithelium 
becomes distended with secretion and is either clear in appearance or at most is 
only very finely granular. 

The nuclei are crowded to the base of the swollen cells, and the lumen of 
the acinus is very small. After a period of excessive activity the secreting cells 
liecome shrunken and more distinctly granular, and the lumen of the acinus appears 
much dilated 

The secreting acini empty into narrow intercalary duels which lie within the 
lobule, have a considerable lumen, and are lined with tall columnar cells resting 
upon a second incomplete layer of small, somewhat flattened basket cells. 

These intralobular ducts unite at the margin of the lobule to form the larger 
tiderhbnhr ducts, which are contained in the interlobular connective tissue. Here 
the duct is lined with low columnar or even somewliat flattened cells, at first 
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The Lacrimal Lahe.-— In the 0 *shapcd area of the internal canthus, the lacus 
lacrtmalis, lies a roughened irregular reddish mass of delicate modified skin, the 
caruncle {caritncula lacrimalh). It is cmlieddcd in fat and contains a number of 
very delicate hairs, large sebaceous glands and a few sweat glands. Where the 
borders of the lake pass into the palpebral margins there appears a slightly raised 
papilla lacrxmalls, each of which contains an apical opening, the pnneia facriniolic, 
leading into the two canaliculi lacrimalcs, which conduct the excess of lacrimal 



Fig 583 — A Composits Drawing or the Superficial Lymphatics of the Eyelids as 
Observed in Twenty>five Normal Living Subjects. 

The arrows indicate the sites of dye Injection (Burch ) 



secretion or tears into the nasolacrimal duct. To the outer side of the lacrimal 
lake there appears a vertical crescentic fold of delicate skin, the plica semilunaris, 
which is the homologue of a functional third eyelid (nictitating membrane) of 
birds and reptiles. 

The Lacrimal Gland. — The lacrimal glands are two flattened, lobulated, gland- 
ular masses situated at the upper and outer angle of the orbit, one in relation 
with each eye. They secrete a clear watery 'fluid, the tears These glands are 
somewhat molded to conform to the shape of the orbit and the globe of the eye, 
between which they are inserted. 

Each lacrimal gland is a secreting gland of the compound tubular type (Fig. 
270), and consists of eight to twelve small lobules which open into the fornix 
conjunctivae by about as many minute ducts. The lobules are aggregated into 
two fairly distinct lobes, separated by a denser fascia, the superior lobe or orbital 
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THE EAR 

This organ may be subdivided for description into the external, the middle, 
and the interna! car. The first two portions ser\'C for the collection and trans- 
mission of sound waves, the last for the transformation of the sound waves 
into nerve stimuli which are then transmitted through the path of the acoustic 
nerve to the cerebrum. 


EXTERNAL EAR 

The external car includes an auricular or free portion and an external acoustic 
(auditory) meatus 

Auricle. — The auricle, or contains a thin cartilaginous plate of peculiar 

form which is covered on both sides by the skin. The cartilage is of the elastic 
variety, but differs from the similar cartilages of other parts in the abundance 
of its large cartilage cells ; in occasional areas the clastic reticulum is deficient. 
This reticulum is closely connected with the fibrous perichondrium, beneath which 
it forms a complete layer. The extrinsic muscles of the ear are inserted into the 
perichondrium and the fibrous tissue by which it is surrounded. 

The skin of the external car docs not differ essentially from that of other 
parts. It is supplied with fine liatrs and with many large sebaceous glands; sweat 
glands also occur on the outer surface. The derma is united to the underlying 
cartilage by connective tissue ; on the concave surface this union is very firm and 
permits but little motion. The subcutaneous tissue, except in the lobule, contains 
but little fat. The lobule does not contain cartilage. 

External Acoustic Meatus. — The external acoustic meatus (or auditory canal) 
is divisible into an outer cartilaginous and an inner bony portion; the walls of 
the two portions, except for this difference, are quite similar in structure. The 
cartilaginous division constitutes the external one-third, about 8 millimeters in 
length. The cartilage is continuous with that of the auricle, and is of the cellular 
elastic variety. The skin of this portion contains large stiff hairs and both sebaceous 
and ceruminous glands. The former, as in the auricle, open either upon the free 
surface of the skin or into the adjacent portion of the hair follicles. 

Ceruminous Glands. — The ceruminous glands resemble in structure the sweat 
glands of other portions of the body. They are coiled tubular glands which open 
upon the surface of the skin by means of a narrow duct. The coils of their 
secreting portion are lined with columnar cells with spheroidal, basally situated 
nuclei and a clear cytoplasm containing many small brownish granules of pigment 
619 
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disposed in a single, but later in a double layer. As tlic duct approaches the 
conjunctival surface the number of cells layers increases until tlieir lining epithe- 
lium finally comes to resemble the stratified epithelium of the conjunctiva with 
which it is continuous. 

Extracts of the lacrimal glands have been shown to cause a sliarp contraction 
of the smooth muscle of the blood vessels and the uterus, and to stimulate heart 



Fio. 585 — Portions of Two Adjacent Loocles of the Lacrimal Gland of the Rabett, 
Showing Two Stages in Secretory Activitv of the Tubules. 

In the upper lobule the cells are filled with minute, in the lower lobule with large, secretion 
spherules Xioo, 

action. These properties suggest the probability of an internal secretion in these 
glands.^* 

Minute collections of diffuse lymphoid tissue and even small lymph nodules 
are occasionally found just beneath the epithelium of the conjunctiva in the 
neighborhood of the lacrimal glands of the fornix; occasionally the lymphoid 
tissue is quite abundant. 

In animals possessing a membrana nictitans (third lid) a small, mucus-secret- 
ing gland occurs at the inner angle of the orbit; this is known as the gland of 
Harder. It is well developed also in some mammals, e.g., rabbit, but in man and 
other primates it is usually absent, though in an extremely vestigial condition it 
niay occasionally be found within the basal portion of the plica semilunaris. 


Michail and Vancea. 1931. 
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meatus and separates it from the c-m-ity of tile middle car. the shin is reduced 
to an extremely thin cutaneous coat, devoid of hairs, glands and papillae. 

MIDDLE EAR 

The middle ear or lympaiiiim (car drum) is ,an irregular cavity, broad above 
and behind, narrow below and in front, which lies just within the external 
acoustic meatus. Its outer wall is lai^Iy formed by the tympanic or drum mem- 
brane, its inner by the osseous wall of the iiitcmal car. 



Fic. 587. — From the External Acoustic Meatus of Man. 
a, sebaceous gland; b, ceruminous gland; r, cartilage. Xis. (Sobotta ) 


The contour oJ the tympanum is very irregular, its cavity being encroached 
upon by numerous bony cle\’ations which are most pronounced on its internal 
wall. Externally the tympanic membrane is attached to a bony and fibrocartilagi- 
nous ring, the aimulus tympankus, which projects somewhat into the tympanic 
cavity. In front, the orifice of the auditory (euslachian) tube is marked by a 
slight cartilaginous projection near the floor of the cavity. 

Above and behind, the tympanic carity is prolonged into a deep recess, the 
cpltynipaiik cavify. in the upper part of whose posterior wall are the orifices 
of the mastoid cells. The upper portion of the cavity contains the rounded heads 
of the malleus and incus, the two largest of the auditory ossicles. The internal 
u-all of the tympanum presents anteriorly a bulging prominence which is known 
as the promontory, and which indicates the position of the first or broadest turn 
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and a few fatty particles. The cytoplasm is often dilTuscly colored hy the brownish 
pigment. Between the lining cells and the basement membrane appear slender 
fusiform elements resembling similarly placed elements in the sweat glands, and 
likewise interpreted as smooth nmscle cells (myo-cpitbelium). The secretion of 
these glands, the cerumen, in addition to the pigmented and fatty secretion of the 



Fig. 586 — Transection of the Lodule of the External Ear or an Infant. 

0, cartilage; b, skin, c, adipose connective tissue. Hcmatcin and cosin. Photo. X20. 

glands, contains sebum, desquamated epithelial cells and occasional fine hairs, 
together with foreign particles of a varied sort. The ceruminous glands may be 
classified as of the apocrine variety. 

In the bony portion of the meatus the corium or derma is firmly adherent 
to the periosteum of the bone, and all the lajers of the skin are much reduced 
in thickness The scanty hairs are fine, and, with the glands, are continued inward 
to the tympanic membrane only in the superior portion of the wall of the canal. 
Papillae are present as far as the mai^n of the tympanic membrane. Upon the 
surface of this membrane, which closes the inner end of the external acoustic 
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internal, and posterior walls also possess a partial clothing ot low ciliated cells 
(Kessel). Occasional gland-like {olds of the mucosa occur near the orifice of the 
aiiditorv tube, though the true glandular character ol these folds is questionable. 

Makoid Cells,— The mastoid cells (rcHiilac masloidcac sen pncmnaticae) are 
numerous small spaces situated within the mastoid process of the temporal hone. 



Fic. 589 — Section throcch the Margin of the Tympanic AfEMDBANE of a Child. 
a, fibrocartilaginous ring; b, bone; c, derma of the external auditory canal; d, tympanic mu- 
cosa ; e, e\ epidermis , j, radial fibers, and f, circular fibers of the tjTnpanic membrane ; g, mucosa 
of the membrane; b, epithelium of the tympanum; i. Wood vessels X55 (Kolliker.) 

They are I'mecl by a continuation of the tympanic mucosa, which is everywhere 
clothed with flattened epithelium. The corium is closely attached to the perios- 
teum of the bony wall, the periosteum also serving as a vascular layer of the 
mucosa m the mastoid cells, as well as in the general tympanic cavity 

Tympanic Membrane. — The tympanic membrane is a thin delicate partition 
which is formed by a reflection of the cutaneous layer of the external acoustic 
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of the spiral canal of the cochlea. Beneath this prominence is a recess leading 
to a bony “window," the fniestra cochlepe (or fenestra rotnnda), which, in life, 
is closed by a delicate membrane, the secondary tympanic membrane. Behind the 
promonlory and at a slightly higher level a dce}> recess, the pelvis avails, leads 
inward to the fenestra vcstibtili (or fenestra ovaUs'), which is closed by the base 



Fic. 588 —Transection or the Tvu- 
PANIC Membrane or a Ciiilo 


0 , a', fibrocartilaSinous ring, b, 6', bone; 

c, if, sktn of the external acoustic meatus; 

d, d', tympanic mucosa , e. cutaneous 
layer of the tympanic membrane; /, 
fibrous layer, obliquely cut at /', g. layer 
derived from the tympanic mucosa; h, 
handle of the malleus; t, blood vessels. 
Xji. (Kolliker.) 


of the stapes. The body of this ossicle is 
contained entirely within the pelvic recess, 
and near its mouth the stapes articulates 
with the orbicular extremity of the long 
process of tltc incus. Tltc superior portion 
of this deep rccc.ss is encroached upon hy 
the projecting wall of the aqncduct of 
Fallopius which transmits the facial 
iien’C, and posteriorly, near the point 
where it merges with the genera! tsm- 
ptinic cavity, a low, conical, bony projec- 
tiott known as the f yrmiiW transmits the 
stapedius muscle. The canal of tlic tensor 
tympani vitisclc contained within a stiil 
more prominent, conical, bony projection, 
the processus caclilcanjormis, is found 
near the antero-intcrnal angle of the tym- 
panic cavity just above and parallel to the 
auditory tube. The narrowest portion of 
the tympanum is near its center, and is 
included between the promontory on the 
inner and the tympanic membrane on the 
other side. Exiendirig from this narrowed 
central portion upward, backward, and in- 
ward, arc expanded recesses which are 
partially occupied by the three audilorj- os- 
sicles. The remaining portions of the tjw- 
panumare filled witli air which gains access 
to the cavity through the auditor}' tube. 

Tympanic Mucosa. — ^Tbe tympanic 
mucosa consists of a thin but dense 
lamina propria which is firmly attached 
to the underlying periosteum and softer 
parts by loose connective tissue. It is 
clothed with a layer of flattened entoder- 


tnal epithelium, which, in the vicinity of the origin of the auditory' tube, is of low 
columnar form and is provided with alia In most other portions of the tyn> 
mnum it is squamous in cliaractcr and of the tessellated type, closely resembling 
endothelium. The floor of the tympanum and the lower portions of its anterior, 
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internal, and posterior walls also possess a partial clothing of low ciliated cells 
(Kcssel). Occasional gland-like folds of the mucosa occur near the orifice of the 
auditory tube, though the true glandular character of these folds is questionable. 

Mastoid Cells.— The mastoid cells (ccUuIae masloidcac sen pnctimaticae) are 
numerous small spaces situated within the mastoid process of the temporal bone. 



Fic. s8f) — S ection* through the Margin* of the Timpanic Membrane of a Child, 
a, fibrocartilaginous ring ; b, bone ; c, derma of the external auditory canal ; d, tympanic mu- 
cosa; e, e‘, epidermis; /, radial fibers, and /', arcular fibers of the tj-mpanic membrane; g, mucosa 
of the membrane; li, epithelium of the t>mpanum; i* blood vessels. X55 (fCoIIiker.) 

They are lined by a continuation of the ty*injKinic mucosa, which is ever>’where 
clothed with flattened epithelium. The corium is closely attached to the perios- 
teum of the bony wall, the periosteum also serr-ing as a vascular layer of the 
mucosa in the mastoid cells, as well as in the general tympanic cavity. 

Tympanic Membrane. — The tj*mpanic membrane is a thin delicate partition 
which is formed by a reflection of the cutaneous layer of the external acoustic 
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mcatxis on the. one hand, the tympanic mucosa on the other, and between these 
two membranes a layer of dense fibrous tissue whose tendinous hands arc dis- 
posed in radial and circular directions. The margin of the tympanic membrane 
is inserted into a fibrocartilaginous ring which rests upon a bony elevation, the 
fljjnnfnr fynipaiiicits. 

The slender manubrium or handle of the malleus projects from the superior 
margin of the ring and is inserted lictwccu the folds of the tympanic membrane, 
extending downwanl to about tlie center of the membrane, at which point is 
the deepest part of its concavity, its umbo. Tlie bony handle of the malleus, lying 



Fig. 590— The Auwtorv Ossicles. 

I, ossicular chain ol the left car; malleus; inrus; s, stapes. II. ossicular chain of the 
right car; /, malleus; processus gracilis; s, manubrium; 4, long process of the incus; 5, short 
process of the incus; 6, stapes. (Rudingcr.) 

between the cutaneous and mucous layers of the tympanic membrane, is covered 
by a thin cartilaginous lajer, and receives the insertions of the tendinous fibers. 
These fibers are divisible into an outer radial layer which extends from the 
fibrocartilaginous ring at the periphery inward to the manubrium mallei, and an 
inner circular layer whose thickest portions are found close to the manubnum 
and near the periphery of the membrane. Between these points the circular la>er 
of fibers is partially or entirely deficient. Just within the fibrocartilaginous ring at 
the periphery of the membrane the circular layer of fibers abruptly ends. 

The cutaneous layer of the t>mpanic membrane forms a thin coat, its epider- 
mis consisting of a germinal layer one or two cells deep, which is covered by sev- 
eral flattened non-nucleated cells of the horny portion. The derma or corium is 
very thin, contains no papillae, and is intimately adherent to the fibrous layers 
of the membrane ; it contains neither glands nor hairs. 

The mucous layei of the tympanic membrane is even thinner than the cuta- 
neous. It consists of a flattened entodermal epithelium which rests almost directly 
upon the layer of circular fibers. A few connective tissue fibers pass irregularly 



MIDDLE EAR 


625 


from the mucous layer through the fibrous, to the cutaneous layer. In this way 
the several layers of the tympanic membrane are firmly united into a compact 
membrane. 

In the upper quadrant of the tympanic membrane, above the attachment of the 
malleus, the fibrous layers are wanting; the mucous and cutaneous layers are 
therefore in contact, and the membrane presents a flaccid appearance in com- 
parison with the tense condition of its other parts. This portion is known as the 
mcjubrana flaccida or Shrapncll’s membrane. 

Auditory Ossicles.— These are three in number, the malleus, the incus, and 
the stapes. They form a continuous bony chain, extending from the insertion 
of the manubrium mallei in the tym- 
panic membrane to the fenestra ves- 
tibuli, with whose margin the foot 
of the stapes articulates. The ossicles 
consist of compact bony tissue con- 
taining loosely packed haversian sys- 
tems; they are united with each 
other by firm fibrocartilaginous ar- 
ticulations. With the exception of 
the stapes, none of tlie ossicles con- 
tains a marrow cavity. Pic. 591 .— Toe Cavity of the Tympanum, 

The manubrium of the malleus Viewed from Above 



is firmly fixed in the tympanic mem- 
brane, as already described, the head 
of the bone articulating with the 
head of the incus in the epitympanic 
recess. The long process of the in- 
cus, circular in transection, extends 
downward along the tympanic w’all 
in a course nearly parallel to that of 
the manubrium mallei, being, in a 
portion of its course, contained 


I, the body of the incus; I, ligamentous fold of 
the mucosa; ta.in., anterior ligament of the mal- 
leus; le.M; external ligament of the malleus; l.i,. 
posterior ligament of t.'.e incus; M, mastoid cell; 
ni, bead of the malleus; mm., mucous membrane; 
II. chorda tympani nerve; pr.o., orbicular process 
of the incus articulating with the stapes in the 
depth of the cavity; R, beneath this space is the 
flaccid portion of the tympanic membrane ; sJ 
cut end of the superior ligament of the malleus ; 
sp, spina tympanica anterior ; sf, sf, tendon of the 
tensor tympani muscle. X4 (Schafer.) 


within a recess in the osseous wall of the tympanum. Finally, at the level of the 


stapes it makes a sharp bend, almost at right angles with its former course, to articu- 


late, by means of a rounded end or orhictilar process, with the head of the stapes. 
This latter bone is deeply placed. w’ithin the recess of the pelvis ovalis, and continues 


the bony chain to the fenestra vestibuli, where the foot plate of the stapes is in rela- 
tion, by its inner surface, with the vestibular perilymphatic space of the internal 


ear. 


The course of the chain of ossicles is such that they form a lever. Since the 
long process of the incus is shorter than the manubrium mallei, the vibrations 
of the tjmpanic membrane in response to sound waves are transmitted to the 
internal ear diminished in amplitude but exaggerated in intensity. The combined 
activity of the tympanic membrane and the auditory ossicles is said to reduce the 
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Vascular Supply. — Blood Vessels. — The mucosa of the middle ear is, richly 
supplied with blood vessels, the larger of which lie in the. deeper part of the 
membrane and supply capillary vessels to the lamina propria. The blood vessels 
of the auditory tube arc especially numerous. 

In the tympanic membrane the arteries and veins form an annular plexus at 
the margin. A group of similar vessels surrounds the manubrium mallei, lying 
m the deeper layers of the cutaneous iwrtion of the membrane. 

The mucosa of the tympanum is peculiar in the relative deficiency of capil- 
lary vessels (Prussak, 1869) ; the veins arc numerous. The veins of the auditory 
tube empty into the internal jugular.* They also communicate with the cavernous 
sinus by a trunk of considerable size.* . > • 

Lymphatics. — ^The lymphatics .of the middle car form- plexuses in, the con- 
nective tissue of the mucosa and in a general way follow the course of the 
smaller veins. They lead in part to the lymph nodes behind the car, and in part 
to the parotid group (Kblliker). They also communicate' with the perilymphatic 
spaces of the internal ear. 

INTERNAL EAR 

The internal ear includes a sericl of membranous structures together with the 
terminal fibers of the acoustic nerve. These arc contained within a series of con- 
nected cavities hollowed out of the petrous portion of the femporaJ bone, and in 
relation with the-mesial wall of the tympanum. The central portion 'of^this bony 
cavity, an .ovoid space,’* is known as the vestibule. Its outer wall presents the 
orifice of the fenestra vestibuU which' leads to the tpipanum.'.but during life is 
closed by the base of the stape's. Openiog'from the vestibule, at one end, are the 
bony cavities 'Occupied by the three semicircular canals which, in a general way, 
project from the posterodorsal aspect of the vestibule. At the other end the 
bony cochlea containing its series of spiral canals projects anteriorly from the 
vestibule. Collectively these spaces, with several diverticula, form the bony laby- 
rinth. Within them in life are contained a number of membranous sacs whose 
general form corresponds more or less closely to that of the bony cavity. These 
sacs collectively form the membranous labyrinth. 

The vestibule contains two of these membranous sacs, the sacculus and the 
utriculus, which are connected by means of the slender utriculosaccular canal. 
From this canal a much prolonged diverticulum enters the aqueductus vestibuU 
to penetrate to the posterior surface of the petrous bone where it comes into 
relation with the cerebral meninges. This diverticulum is known as the ductus 
endolymphaticus. Its dilated terminal portion constitutes the endolymphatic sac. 
which lies upon, the dura and probably opens into the subdural space. According 
to Guild* the escape of endolymph is not through actual openings in the wall, but 
by direct passage through the layers of the iivall, being thus comparable to the 


^ Dench, 1895. 
3 Guild, 1927. 
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flow of cerebrospinal fluid tlirougVi the arachnoid villi. The utricle and saccule, 
as also all other portions of the membranous labyrinth, contain a watery fluid, 
the eMympU. They do not entirely fill the bony cavity of the labyrinth in which 
they lie, the intervening space being occupied by a retiform connective tissue 
with broad interstices which arc permeated by an aqueous fluid, the perilymph. 

Saccule.— The saccule is a rounded membranous cavity which is connected, 
on the one hand, by iiicaiis of the slender canalis mimnis, with the cochlear 
duct or scala media, and on the other hand with the ductus cndolytnphaticus and 



Fig. 593 — ^Tiie Bony Labyrinth. 

T, round window ; s, osseous lamina spiralis ; j, osseous cochlear canal ; 4, floor of internal 
acoustic meatus; 5, vestibule, 6 , 7, 8 , p, semicircular canals. The figures are placed at that portion 
of the margin which is nearest the structure indicated. (Rudinger.) 

Utricle, as already stated. Its wall consists ol an ectodermal epithelium, a mem- 
brana propria and a fibrous lamina. The epithelium consists of flattened squamous 
cells; it completely lines the cavity. The epithelial surface is somewhat irregular 
from the papillary elevations of the fibrous coat. On the antero-inferior surface 
of the saccule the epithelium is peculiarly altered so as to form a layer of col- 
umnar cells, many of which are provided with stiff cilia. This neiiro-epithelium 
is distributed over an oval area (3 by 2 millimeters in extent) beneath tvhich 
the fibrous coat is much thickened by the entrance of many fibers derived from 
the vestibular portion of the acoustic nerve. This elevation with its neuro-epithe- 
lial covering is known as the macula acustica sacculi. 

The neuro-epithehum contains two varieties of cells, the sustentacular and 
the hair cells. The former, fiber cells of Retzius, form a layer, two or three cells 
deep, which rests upon the basement membrane. The broad basal portion of the 


fiber ceU contains a spheroidal nucleus. Beyond the nucleated portion the cyto- 
plasm oi the sustentacular fiber cell is continued inward between the bodies o! 



Fjc. 594. — XtcMnaANOus Labyrinth in* Latrral View. '■ 

ampullae; U, utricle; 5*, saccule; SAf, scala media or cocWcar duct; C!?, eamlls rronlois; 
C. crus, or common canal; SB, saccus cmtotymplialicus; I)fl, ductus cndolj-nipluti'cus ; ilss, dsp, 
djl, iVptncTt pojjrrior and lateral (cNtcrnaJ) semidrojJar ducts. The ulricle and saccule arc 
connected by the utriculosaccular duct. Tlic cochlear duct terminates in the ccca vestlbularc and 
cifpulare. (Cray) 

the liatr cells to the surface of tlic cpttliefial layer* this portion of the ceil being 
relatively slender 

The hair cells occupy the superficial part of the epithelial lajcr by their broad 



Fig. 595.— Right Memkrasous Labyrinth. 

/, utricle; superior semicirctdar canal; s, posterior semicircular canal; 4, exierjia.) semi- 
circular canal; 5, saccule; 6, endolymphatic duct; 7 and 7', canals connecting utricle and saccule 
resJ>ectJ^'ely t«th the endolymphatic duct; S. ctKfoljwphattc sac; p. cochlear duct ; P** its vestibular 
culdesac (cecum vestibulare) ; p”, its terminat culdesac (cecum cupularc) ; 10, canalis reuniens 
(Testut ) 

nucleated portions, which carry upon their free extremity a single tuft of long 
stiff ciha> having the appearance of a delicate bair-ljke process which projects* 
Into the endolymphatic catnty. That portion of the endolysnph which immediately 
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overlies the macula, and into which the hair-likc processes project, though not 
essentially different in microscopic appearance in fresh tissues, appears to possess 
a somewhat gelatinous consistence. In this jelly are suspended various forms of 
minute crystals of calcium carbonate ^\h^c1l arc known as otoconia or “otoliths.” 
The free surface of the neuro'cpithclium is also provided with a reticulated 
cuticular membrane which presumably is formed by the amalgamation of the 



Fic. 59(5 — The Isolated MEMtmANOus Lmivkimth. 

I, utricle; saccule (opened) ; location of tint macula acustica sacculi; j, amtiulla of a 
semicircular canal; 5, canalis communis. Low nugiufication, (Rmlitiger.) 

free ends of tlic sustcntacular cells. Tlirougli the openings in this reticular mcm- 
brane the ciliary tufts of the hair cells project. 

The central ends of the hair cells, beneath the nucleated enlargement which 
ts found near the mtddle of the epithelial layer, are prolonged outward between 
he nucleated portions of the sustcntacular cells and frequently terminate in stnall 
knobbed extremtt.es. Tins portion of the cells is in intimate relatio.i with the 
termmal fihrtls of the vestibular portion of the aconslin nerve, which coming 
from a nerve ple.xus m the ftbrous wall of the saccule, forms an intra-’epithelia! 
plexus of dehcate varicose fibrils. Frequently the epithelial coat contains coarse 

dononitfcells -'o™- 

The lining epithelium of the saccule rests unon t tliln 
membrane and is further supported by a ttoe fibr t '^51““ 

The connective tissne of thifeoat foL interlldng h md“s n" s oT^ fT"" 

dtstchuted in a circular manner about the wall o1 . tvdd saecnlj Z 
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macula this coat h much thickened by the entrance of the fibers from the ves^ 
titular nerve, It also contains the mimitc hlood vessels which supply the organ. 
As is the case with the otijcr divisions oE the membranous labyrinth, the 



Fic. 597-— -TRANSEawK op tne KtAsetx <rr rue Macoija Acustica Saccou op a GotwEA-PM. 

0, otolithic fnembranc; i>< hairs; e, cuticular membrane; d, hair cclis; e, sustentacular ceils; 
f, epithelium of Jhe saccule; 0, tunica propria; A, nerve fibers; /. bone X33S. (KSiliker.) 


fibrous wall of the saccule is in contact on one aspect of its surface with the 
jTenosteum which lines the osseous labyrinth; elsewhere it is separated from the 
periosteum by (he perilymphatic cavity. 

Utride.—The trtrieJe is somewhat }arf'cr than the saccule. It Vtes beltind and 
somewhat above the saccule, is of a very irregular oblong form, and receives the 
. insertions of the semicircular canals. Its an- 
terior portion is provided with a ttiaciifa and 
the structure of its wall differs in no wise 
from that of the saccule. 

« A fold of areolar tissue covered with 




Fig 508 — Nerve Ekdings ik the 
Macula Acustjca of a Guinea-fjc. 

epuheimm; b, tunica propria; r, 
three lemtnal nerve fibers. Golgi stain 
X about zoo (Retzjus.) 


cuboidal epithelium, the "utriculo-endol>Tn- 
phatic valve” of Bast,* situated on the pos- 
terior tvall of the utricle at its junction with 
the endohmphatic duct, projects into the 
utricle and guards the opening of the duct."* 
The valve serves presumably to prevent an 
outflow of endolymph from the utricle under 
conditions of sudden pressure changes (Bast). 


Semicircular Ducts. — The semidrcular ducts or canals are three In number, 


the posterior, superior, and lateral. The last is also horizontal in its position; the 


Sast, 1928. 

Wilson and Anson, 19^9 
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first two arc vertical, but are so placed as to form a right angle with one another. 
The posterior lies in the long axis of the petrous hone and its plane is therefore 
more nearly sagittal, while that of the superior canal is more nearly coronal. Each 
canal forms something more than halt a circle, its two ends opening separately 
into the cavity of the vestibule, with the c.xccption of the posterior and superior 
canals whose internal ends open by a common orifice, the canalis comtiunits. The 



Pic. 559— Transection of a Homan Scmicircular Canal. 

I, bone; 2, retiform connective tissue incmbranes ; j, at this point a band of connective 
tissue joins the periosteum; membranous semiarcular canal; 5, ligamentous attachment of 
the canal, 6, at this point the membranous and osseous canals arc in contact. Moderately 
magnified. (Rudmger.) 

unjomed orifices ol Ihe posterior and superior ducts, as also the outer extremity 
of the lateral duct, present a marked dilatation at their termination in the vestibule. 
These dilatations are known as the ampullae. They lodge the neuro-epithelial 
patches, the cristac acusticae. The osseous and membranous ducts are of similar 
shape. The meniliranous duct is, of course, contained within the former. 

The membranous semicircular canals open into the utricle. They do not entirely 
fill their bony canal, but, like the utricle and saccule, lie in contact with the peri- 
osteum at one surface onl}-. This surface of contact is along the outer wall or 
periphery of the semicircle, while in the remaining portion of the circumference 
of the cylindrical bony duct, the membranous canal is loosely united to the peri- 
osteum of the osseous wall by a retiform connective tissue whose loose meshes 
are filled with perilymph and hoed with mesenchimal epithelium. 
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The wall of the membranous iluct is similar in structure to that of the saccule 
and utricle and consists of an ectodermal epithelium, a membrana propria, and 
a fibrous tunic. Each of the three ampullae presents a marked differentiation of 
the epithelial lining, which is there raised in the form of a prominent crescentic 
fold, inappropriately tenned by the older anatomists the crista acustka, from 
its supposed connection with the auditory function. Like the maculae of the 
saccule and utricle, the crlstae arc supplied by the vestibular nerve and are con- 
cerned with the function of equilibration. 

The utricle and saccule .represent the original prlmordium of the car— the 
otocyst — from which the ducts and cochlea arise as evaginations; they correspond 
most closely also to the "car” of certain invertebrates, c.g., Crustacea, which is 
simply an equilibrating organ. They arc believed to function as static organs of 
equilibration, giving wtormation as to position 
at rest or during progressive movements. The 
semicircular ducts on the other hand are com- 
monly conceived of as djTiamic organs of 
equilibration and are tliougbt to furnish infor- 
mation regarding the direction and extent of 
rotatory movements. 

The cristae are clothed with tall columnar 
cells which, though somewhat taller, are other- 
wise similar in structure to those of the macu- 
lae, and arc similarly divisible into sustentacular 
cells and hair cells. Tliey are also covered by a 
gelatinous cuticular fonnation, containing oto- 
liths, which is here known as the cupula tcr- 
tninalis. The vibratory stimulus is transmitted 
from the endolymph to the hair cells through 
the medium of the otolithic membranes. ^ 

Cochlea, — ^The cochlea, like the vestibular portion of the internal ear, consists 
of a bony case which incloses a membranous organ. 

Structure. — ^The bony cochlea possesses a peculiar flat pyramidal shape. The 
base of the pyramid is in contact with the anterior aspect of the vestibule; its 
apex or cupola is directed forward, outward, and slightly downward. The pyramid 
is hollow and contains in its axis a conical bony support, the uwdioltis, which tapers 
from a broad base to a pointed apex beneath the broader, blunt, and rounded 
cupola of the outer bony wall. The modiolus contains a broad canal which receives 
the cochlear division of the acoustic nerve as it enters from the internal meatus. 

The outer surface of the modiolus supports a bony shelf, the lamina spiralis 
ossea which winds in a spiral manner from its base to its apex, and ends in a 
hook-like process, the hamulus. This shelf only partially spans the interval between 
the modiolus and the outer wall of the cochlea. In life the remaining interval 
is completed by a firm fibrous membrane, the basilar membrane {lamina spiralis 
mcmbranacea) . Thus the cylindrical canal of the cochlea, which is wound spirally 
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THE Cochlea of a Fetal Calf. 
a, internal acoustic meatus in ishich 
IS the cut end of the cochlear nerve as 
It enters the modiolus. X6. (Kolliker) 
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around tire modiolus making two and one-ha!£ turns Irom lire base to tire apex, 
is subdivided into two parallel longitudinal divisions, which are respectively 
known as the scala vcsIibiiH and the scala lyfnmii!. They are so disposed that m a 
given turn of tire canal the former is always nearer tire apex, the latter nearer 
the base of the cochlea. According to Wiedersheim (1893) the human cochlea 



Fig. 601. — AxiAL Section through r Turn of tuf. Cochlea of a CuiNF.A-m. 

0, bone of the outer waU of the cochlea; b, membrane of Rcissner. ff, membrana lectoria; 
Dc, cochlear Jwa or scala media, stna \ascular\s; g, organ of CotU, ft. s^iiral ligament; 
f, ceils of Claudius , k, scala tympam ; /, scala vesubuh , i«. vestibular lip of the limbus spiralis , 
•I. internal spiral sulcus; o, nerve fibers of the cochlear nerve, contained within one of the 
radiating canals within the osseous spiral lamina, p, nerve cells of the spiral ganglioti, g, blood 
vessel, r, external spiral sulcus, upon which open Shambaugh's glands; s, prominentia spiralis, 
containing the vas prominens, X90, (BcJitn and von Davidofi.) 

has nearly three turns, that of the pig four, the cat three, the rabbit two and one- 
half, the ox three and one-half, and cetacea one and one-half turns. 

The osseous lamtna spiralis presents a grooved margin or sufetts, from the 
basal or tympanic lip of which the lamina basilaris is continued to the opposing 
surface of the bony wall. The lamina spiralis ossea is hollowed out in a diploic 
manner for the transmission of the branches of the cochlear nerve, which are 
continuously given off all the way from the babe to the apex of the osseous spiral 
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The wall of the membranous duct is similar in structure to that of the saccule 


and utricle and consists of an ectodermal epithelium, a membrana propria, and 
a fibrous tunic. Each of the three ampullae presents a marked difTerentiation of 
the epithelial lining, which is there raised in the form of a prominent crescentic 
fold, inappropriately termed by the older anatomists the crista acuslica, from 
its supposed connection with the auditory (unction. Like the maculae of the 
saccule and utricle, the cristac arc supplied hy the vestibular nerve and arc con- 
cerned with the function of equilibration. 

The utricle and saccule represent the original primordium of the car — the 
otocyst — from which the ducts and cochlea arise as craginations; they correspond 
most closely also to the “car" of certain invertchrates, c.g., Crustacea, which is 
simply an equilibrating organ. They arc lielievcd to function as static organs of 
equilibration, giving information as to position 



at rest or during progressive movements. Tlie 
scmtcirailar ducts on the other hand are com- 
monly conceived of as d>namic organs of 
equilibration and arc thought to furnish infor- 
mation regarding the direction and extent of 
rotatory movements. 

The cristac arc clothed with tall columnar 
cells which, though somewhat taller, are other- 
wise similar in stnicture to those of the macu- 
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lac, and are similarly divisible into sustcntacular 
cells and hair cells. They are also covered by a 
gelatinous cuticular formation, containing oto- 
liths, which is here known as the cuputo ter~ 
mhtalis. Tlie vibratory stimulus is transmitted 
from the endolymph to the hair cells through 


the medium of the otolithic membranes. ^ 

Cochlea. — The cochlea, like the vestibular portion of the internal ear, consists 
of a bony case which incloses a membranous oigan. 

Structure. — ^The bony cochlea possesses a peculiar flat pyramidal shape. The 
base of the pyramid is in contact with the anterior aspect of the vestibule; its 
apex or cupola is directed fonvard, outward, and slightly downward. The pyramid 
is hollow and contains in its axis a conical bony support, the viodiohts, which tapers 
from a broad base to a pointed apex beneath tlie broader, blunt, and rounded 
cupola of the outer bony wall. The modiolus contains a broad canal which receives 
the cochlear division of the acoustic nerve as it enters from the internal meatus. 

The outer surface of the modiolus supports a bony shelf, the latuiita spiralis 
ossca which winds in a spiral manner from its base to its apex, and ends in a 
hook-like process, the hamilus. This shelf only partially spans the interval between 
the modiolus and the outer wall of the cochlea. In life the remaining interval 
ts completed by a firm fibrous membrane, the basdar uiciubrauc Oavutta spiralis 
inembrauacca') . Thus the cylindrical canal of the cochlea, which is wound spirally 
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window displacements are mechanically essential to audition. By plugging the 
round window with cotton or packing it with periosteum. Hughson and Crowe ® 
found that such immobilization of this membrane in the cat actually increased 
the efficiency of the normal ear for sound conduction. They compare the action 
of the secondary tympanic membrane to a safety valve for the protection of the 
structures of the inner ear and for the absorption of a large percentage of the 
sound impulses that reach the cochlea. Pohlman* construes the evidence “to 
support the idea that the function of the round window is to act as a shock 
absorber on displacements in the cochlear liquid and is definitely opposed to an 
interpretation of the morphology of the internal ear in terms of mechanical 
reactions.” 

Having traced the general form and relations of the several portions of the 
cochlea, we are now in a position to study more carefully the finer structure of 
its more important parts. 

Membranous JVall . — The membranous wall of the scala tjmpani and scab 
vestibuli is clothed with a mesenchymal epithelium of flattened endotbelioid cells, 
which rest upon a double layer of fibrous tissue. Thus the lamina propria also 
serves as a periosteum for the inner surface of the hony wall of the cochlea, and 
conveys the blood and lymphatic vessels. The scalae arc perilymphatic canals. 
They communicate with the subdural space through the aqueductus vestibuli and 
the aqueductus cochleae. The latter opens from the scala tympani near its begin- 
ning at the fenestra coclUeae, and passes below the pyramid to the dura transmit- 
ting a small vein. 

Vestibular Meiubrauc.-^The vestibular membrane (of Rcissner) is an ex- 
tremely delicate structure which consists of a thin central substantia propria, 
covered on either surface by epithelium, that on the one surface being continuous 
with the mesenchymal epithelium of the scala vestibuli, that on the other with the 
ectodermal epithelium of the scala media. It is nonvascular in the adult. 

The outer wall of the scala media is lined by a continuation of the epithelium 
in that portion which adjoins the membrane of Reissner, and this rests upon a 
fibrous membrane similar to that which forms the walls of the other scalae. 
Toward the attachment of the membrana basilaris, however, the tissue of the 
outer fibrous wall of the scala media is much thickened, and forms a dense liga- 
mentous structure, triangular in shape as seen in a longitudinal section of the' 
cochlea This ligament receives the insertion of the membrana basilaris at its apex, 
and being, like the basilar membrane, continued from the base to the apex of the 
cochlea, is known as the spiral ligament. Its dense fibrous bands radiate from the 
attachment of the basilar membrane to all portions of the ligament, and are firmly 
attached to the bony wall of the cochlea, with whose periosteum the deeper fibers 
of the spiral ligament are blended. 

The surface of the spiral ligament, wluch forms the outer wall of the scala 
media, slopes gradually away from the attac hment of the basilar membrane; that 

* Hughson and Crowe, 1932. 

•Pohlman, 1932. 
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lamina, and which pass outward through the foramim nervosa upon the basilar 
membrane to be distributed to the epithelium of the spiral organ (of Corti). This 
organ is a peculiar spiral group of neuro-epitliclial cells which extends the whole 
length of the basilar membrane from the base to the cupola of the cochlea. 

The upper margin of the osseous spiral lamina is much thickened by the 
fibrous and epithelial tissues by which it is invested, so that a membranous sulcus 
of considerable depth is formed, the sitlcus spiralis inlcrnus. The vestibular lip 
of this sulcus is further thickened by a marked elevation of fibrous tissue covered 
by columnar cells, from the outer margin of which a delicate membrane, the 
victnbrana tccioria, extends outward and ovcrliangs the epithelium of Corti's organ. 
From the inner margin of the elevation of fibrous tissue, the limbus spiralis, a 
delicate membrane, the vestibular inewbrane (of Rcissner), passes obliquely out- 
ward to the bony wall of the cochlea. In transections this membrane appears to 
cut off a corner of the scala vcstibuli, thus marking off a triangular space whose 
base is formed by the outer waff of the cochlea, its sides by the membrane of 
Reissner and the basilar membrane upon which rests the organ of Corti; its 
blunt apex is found at the sulcus spiralis internus. Since these membranes extend 
the entire length of the bony spiral canal of the cochlea, the space which is thus 
apparently cut off from the scala vcstibuli must form a spiral canal, included 
between the scala tympani on the one side and the scala vestibuU on the other; 
this canal is the scala media or cochlear duct. 

The scala media is an endolymphatic canal. At the apex of the cochlea it 
ends in a blind extremity which is known as tlie logena or cecum cupulare. Its 
opposite end forms a blind pouch between the fenestra cochleae and the fenestra 
vcstibuli, at the base of the cochlea, which is termed the cccum vestibulare. The 
scala media is connected with the saccule and utricle by means of the canalis 
reuniens, as described above. 

The scala tympani and scala vestibuH, on either side of the scala media, 
extend spirally from the base to the apex of the cochlea. At the apex they are 
united by the hclicotreina, a continuation of these canals which curves around 
the hamulus. At the base of the cochlea the two canals diverge, the scala tympani 
ending abruptly at the fenestra cochleae, which is closed by a fibrous membrane, 
clothed on its tympanic surface by the flattened epithelium of the t>Tnpanic 
mucosa, and on its cochlear surface by the epithelium of the scala tympani. This 
secondary tympanic membrane serves for the relief of tension in the cochlea when 
the perilymph is set into motion by the stapes. The scala vcstibuli, on the other 
hand, is continued backward into the vestibule, where it is in relation with the 
external surface of the saccule and utricle, and, since it is in contact with the 
outer wall of the bony vestibule, this portion of the scala vcstibuli receives the 
opening of the fenestra vcstibuli, which is closed by the foot plate of the stapes.- 
Corresponding to the relative positions of the fenestra vcstibuli and fenestra 
cochleae, the scala vcstibuli in the first turn of the cochlea lies above the scala 
tympani, and being somewhat the longer it also extends farther backward. 

Recent experimental evidence indicates that neither ‘the oval nor the round 
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the pig, from whose cochlea he has been able to remove it entire. It is said 
to measure about 30 millimeters in length, to occupy the four turns of the cochlea, 
to be about five times as wide and five times as thick in the apical turn as at the 
basal end, and to have a section area in the apical turn approximately twenty-one 
times and a volume ninety-five times the area and volume of its basal end. It is 
•described as consisting "of a hyaline matrix, probably keratin, in gelatinous form, 
in which are embedded the very numerous fine fibers or threads of uniform size.”® 
The membrane has a slight amount of elasticity, is of a semisolid character and 
possesses marked adhesiveness; its specific gravity is said to be but little greater 
than that of the endolymph. None of the fibers extend the entire width of the 
membrane, none are attached at both ends, and the greater number are attached 
at neither end.^® Hardesty describes a stripe (^Hensen’s stripe) on the under 
surface of the tectorial membrane opposite the row of inner hair cells, which he 
explains "as a line of intercrossing ends of fibers of the under surface resulting 
from the process by which the growth of the membrane terminates.” He describes 
also a thin, exceedingly delicate, accessory tectorial vtaubrauc, along the under 
surface of the outer portion of the chief membrane. Only its outer edge is attached 
to the latter, and it is bounded internally by Hensen’s stripe, thus covering only 
the outer hair cells. 

Sulcus Spiralis lutcrnus. — This is a deep groove included between the limbus 
spiralis and the axial attachment of the basilar membrane. It thus presents a vestib- 
ular lip and a tympanic lip. The basilar membrane is attached to the tympanic 
lip of the sulcus. The sulcus is lined by flattened epithelial cells, which are 
apparently continuous with those of the limbus, and like them are not readily 
distinguished from the underlying connective tissue. The epithelium is continued 
outward upon the basilar membrane to the margin of Corti’s organ, with the 
innermost cells of which it is continuous. 

Basilar Mcvibraue {Membram Rari 7 am).— This is a thin but resistant mem- 
branous structure, upon which rests the epithelium of Corti’s organ. Hardesty 
describes it as a "flat tendon . . . whose purpose is merely to strengthen the floor 
of the ductus cochlearis and the position of the organ of Corti, and the fibers of 
which are too rigid and firmly associated to allow of resonant vibration.” Its 
tympanic surface is clothed by a continuation of the lining membrane of the scala 
tympam, consisting of a mesenchymal epithelium, resting upon a very thin and 
delicate connective tissue layer. The substantia propria of the basilar membrane 
consists of tendinous bands which, being radially disposed, span the interval be- 
tween the margin of the tjTnpanic lip of the internal sulcus and the opposed margin 
of the spiral ligament. 

Because of the great breadth of the modiolus at the base, and its rapid diminu- 
tion in thickness toward the apex of the cochlea, this interval is relatively narrow 
at the beginning of the first turn of the spiral scala media, but progressively 
widens as the a pex of the cochlea is approached. Consequently, the shortest ten- 

® Hardesty, 1914 

‘"Hardesty, 1908. 
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which impinges upon the scala tympani slopes more abruptly. The greater portion 
of the spiral ligament, therefore, is contained within the scala media. Here it is 
covered by low columnar or cuboida! epithelium whose cells blend, without demar- 
cation, with the underlying vascular connective tissue, so that the minute blood 
vessels frequently appear as if lydng within the epithelial layer, although they 
probably are always contained within the connective tissue processes which project 
into the attached surface of the epithelial layer. 

This very vascular subepithelial portion of the spiral ligament is known as 
the stria vascularis. A short distance alwvc the point of attachment of the basilar 
membrane to the spiral ligament appears a prominent spiral ridge, ‘the f<romii!cn- 
tia spiralis, the intervening groove constituting the sulcus spiralis cxieruus. The 
larger blood vessel (venous) within the prominence is the vas prominens. From 
the external sulcus there extend into the subjacent ligamentous tissue numerous 
large clear clumps of epithelioid cells. These Iwvc been variously interpreted as 
neuro-epithelial elements and as smooth muscle cells. But Shambaugh ^ has shown 
that these groups of peculiar cells include tubules which open into the sulcus, 
and that they are in reality branched tubular glands. He ascribes to them the func- 
tion of producing at least a iwrtion of the cndolymph of the scala media. The 
stria vascularis is probably also an imiiortant source of endolymph. 

The tympanic wall or floor of the scala media presents for examination several 
structures, which, from \vitliin outward (vis., from the modiolus to the ligamen- 
tum sptrale), are the limbus spiralis, membrana tectoria, sulcus spiralis intemus, 
basilar membrane, and the organ of Corti which rests upon the basilar membrane 
(Fig. 602). 

Liuibus Spiralis . — The limbus spiralis constitutes an elevation on the vestib- 
ular lip of the internal sulcus, which is formed by a peculiar cellular variety of 
connective tissue, and is covered by columnar epithelium, ivhose cells are not 
sharply defined from those of the underlying connective tissue. The surface of 
the epithelium presents a distinct cuticular formation of considerable thickness, 
which seems to be prolonged outward from the margin of the vestibular lip, and 
forms the membrana'tectoria. 

The surface of the iimbus spiralis, when viewed from the scala media, presents 
slight elevations which, at the margin of the vestibular lip, are prolonged into 
prominent ridges whose indented borders overhang the sulcus and are kmown as 
the auditory teeth (of Huschke). 

Membrana Tectoria (Membrane of Corti). — This is an exoplasmic or cuticu- 
lar tissue, formed by the epithelium of the inner or limbus portion of the embryonic 
cochlear duct. It has a gelatinous fibrillar structure, but lacks nuclei. Unlike the 
othenvise very similar otolithic membranes of the maculae and cristae, it contains 
no calcareous products. Its free margin overhangs, or rests lightly upon, the hair 
cells of Corti’s organ. 

The tectorial membrane has been very carefully studied by Hardesty * in 

r Shambaugh, 1908. 

8 Hardesty, 1908. 
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dinous fibers of the basilar membrane are found at the base of the cochlea, the 
longest at its apex. The shortest fibers are also the coarsest. It has been estimated 
that there are 24,000 distinct fibers or auditory slriujs in the basilar membrane. 
The shortest have a length of o.04r millimeter, the longest 0.495 niilh'mcter. 

The substantia propria is covered upon that surface which faces the scala 
media by a thin homogeneous membrane, a cuticular formation or cxoplasmic 
derivative, upon which rests the epithelium of the organ of Corti. 

Organ of Corti . — ^This organ consists of a highly differentiated neuro-epithelium 
whose specialized cells arc disposed according to a very regular arrangement. The 
flattened epithelium of the sulais spiralis internus is continued for a short distance 
upon the basilar membrane. Suddenly, at the margin qf Corti's organ, it alters its 
character. Here the epithelium becomes abniptly changed to a tall columnar 
variety, the first cells, known as the inner sustcntacular cells, being apparently 
piled upon one another and resting .against the inner hair cells, which form a 
single row of neuro-epithelium. These, like all the succeeding rows of cells, can 
be traced as a continuous line in the spirally wound .scala media, from the base to 
tlie ape.x of the cochlea. 

Inner Auditory or Hair Cells. — ^The inner auditory or hair cells have a 
broad body which is confined to the superficial third of the epithelial layer and 
which is nucleated at its deeper end. Its free surface forms an expanded oval 
plate from which about twenty stiff cilia project through a cuticular membrane 
toward the cavity of the scala media. These end-plates interdigitate with the 
phalanges of the inner pillar cells, which are to be shortly described. The bases 
of the inner hair cells are thin and slender, and are in relation with a nen’C plexus 
of fine fibrils derived from the terminal processes of the cochlear ner\*e. These 
nerve fibrils make their exit in small bundles from the bony spiral lamina, through 
the foramina nervosa and passing outw'ard upon the basilar membrane are dis- 
tributed in a plexus beneath the epithelium. Some of their naked processes almost 
immediately penetrate the epithelial layer to end between the bases of the inner 
hair cells. 

The inner hair cells rest against the inner pillar cells, or rods, of Corti’s arch. 
This arch is formed by two rows of highly specialized cells, the inner and the 
outer pillars, which are widely separated where their bases are attached to the 
basilar membrane, but are in contact at their free ends. The free extremity of the 
inner pillar is prolonged into a broad flattened plate-like process whose inner 
margin interdigitates with the head plate of the inner hair cells, as stated above, 
and whose outer margin is so prolonged as to almost, though not completely, 
cover the rounded head of the outer pillar. The head of the outer pillar, being 
similarly flattened, expanded, and prolonged outward beyond the margin of the 
head plate of the inner pillar cell, comes into contact with the phalanges of Deiters’ 
cells and with the cilia of the outer h<ur cells which lie next without. A space is 
left between the outer pillars and the outer hair cells which is known as Nuel's 
space, filled with a semifluid intercellular substance. 

The inner pillar cells are rather more numerous than the outer. In the entire 
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nucleated enlargement, beyond wliich they are continued only as an extremely 
slender basal process. The free ends of the outer hair cells present an expanded 
oval surface from which the hairs project. The outer hair cells are about five 
limes as numerous as the inner, that is, there are about 3600 of the inner to 
18,000 of the outer (W'aldcyer). According to certain authorities the hair cells 
lack the delicate basal process in the adult condition. 



■ --o' 





Fig 604 — Diagram of the Organ of Corti. 

A, surface view, from the direction of t!ic scala media; B, as seen in 
section, profile view a, vestibular lip of the limbus spiralis; b, margin of same; c, sulcus 
spiralis internus; <i, inner sustentacular cells; c, inner hair cells; f, pillar cells; r;, outer hair 
cells and phalanges of Dciters’ cells, h. cells of Hensen; t, cells of Claudius. Very liighly 
magnified. 


Outer Sustentacular Cells. — The outer sustentacular cells (Deiters’ cells) 
are cylindrical cells whose expanded bases rest upon the basal membrane and 
whose distal portions extend toward the surface between the outer hair' cells. 
The superficial portion of these cells, being encroached upon by the broad outer 
hair cells, is very slender; the broader basal portion occupies the deeper two- 
thirds of the neuro-epithelium, the spheroidal nuclei being found at the level of 
the middle third. Each sustentacular cell contains a cuticiilar filajiiciif (fiber of 
Retzius) which begins in contact with the cuticle of the basal membrane, and 
extends through the axis of the cell to its free border, where it expands to form 
a broad flattened plate of peculiar shape, known as the phalangeal process. These 
cuticular processes surround and overlie the margins of the head plates of the 
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length of the scala media, according to Retzius, there are 5600 inner pillars and 
3850 outer pillars. Consequently about three of the expanded head plates of the 
inner pillars overlap two of the roundcrl heads of the outer pillar cells. The arch 
formed by the opposed pillar cells, l)eing succeeded by similar arches of successive 
pillars, forms a continuous tunnel, triangular in transection, which extends the 
whole length of the scala media, and is known as the canal of Corti. This canal 
is also filled with a semifluid substance. 

Each pillar cell is differentiated into two portions, the pillar proper and the 
basilar cell, the latter containing the nucleus. Tl>e pillar presents a fibrillar struc- 
ture, the fibrils being disposed in the long axis of its body. This portion of the 



FJC. 60J — SEMJWACRAMMATfC RePRESEKTATION OP PJLLARS OF CORTI. 
i, inner pillar; 0, outer pillar; c, inner and outer basal cells; j, supporting 'hillock' of inner 
and outer pillars; m, basilar membrane; A, head of inner and outer pillars; p, phalangeal plate 
of outer pillar, /ip, head-plate of inner pillar. (Koltner.) 

cell readies from the basilar membrane to the free surface of the neuro-epithelium. 

The basal part of the cell, the basilar cell, probably represents the undifferen- 
tiated portion of the primordial pillar cell. It consists of a clear, finely granular 
cytoplasm and contains the spheroidal nucleus. It lies on that side of the pillar 
which faces the canal of Corti, the bases of the opposed cells being expanded until 
they meet, thus forming a cuticular floor for the tunnel. This undifferentiated 
basilar portion occupies only the deeper half of the pillar cell. 

The rods of Corti are not present in the cochlea of birds. They are apparently 
not an essential part of the auditory mechanism. They presumably assist in render- 
ing the organ of Corti more sensitive as an apparatus for tone perception. 

Outer Hair Cells. — The outer hair cells form three to five rows of ciliated 
cells which are similar in structure to the inner liair cells, and which are supported 
by the sustentacular cells of Deiters. Their cylindrical cell bodies occupy the 
superficial third of the epithelial layer and at the deeper extremity present a 
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Acoustic Nerve. — The acoustic ner\’c presents two distinct divisions both of 
which are sensory, but which differ greatly as regards their central termination. 
They likewise differ in their perijiheral distribution. Within the internal acoustic 
meatus the nerve divides, each branch consisting of numerous bundles. The vestib- 
ular (superior or anterior) division is supplied with a ganglion of considerable 
size, the vestibular ganglion (of Scarl>a), beyond which the nerve separates into 
three branches which supply, respectively, the macula of the utricle, and the cristae 
of the superior and lateral semicircular ducts, in the neuro-epithelium of each of 
which their terminal fibrils end in relation with the bases of the hair cells (Figs. 



Fic 60s— Axial Section through Cortes Organ of the Guinea»pig, Showing the 
Tfrmi.s'al Nerve Fibrils. 

B, cells of Bottclier; D^, D‘, D^, three rows of Dcilers’ ceils; II, cells of Hensen; 1.6., 
inner border cell; ih , inner hair cell; ip, inner pillar cell, >r, terminal branch of the cochlear 
nerve ; 0 h . — /, 2, 3. three rows of outer hair cells ; op. outer pillar cell ; p , phalangeal process 
of the outer sustentacular process. Very highly magnified (Held.) 

597. 598). The remaining nerve fibers which are distributed to the vestibule are 
said to be derived from a brancli of the cochlear (inferior or posterior) division 
and to supply in a similar manner the macula of the saccule and the crista of the 
posterior semicircular duct. According to Streeter,** the vestibular nerve con- 
tributes also the innervation to the posterior duct and to the saccule, the cochlear 
nerve supplying only the cochlea. 

The cochlear branch proper, cochlear nerve, enters the modiolus, where it 
becomes abruptly narrowed by giving off numerous fine branches which pass 
outward between the layers of the bony spiral lamina. Here they form a continu- 
ous spiral succession of small nerve trunks, supplied with many bipolar ganglion 
cells, which collectively form the spiral ganglion (Fig. 601). They penetrate the 
inargin of the bony sulcus through the foramina nervosa, a succession of perfora- 
tions, in the tympanic lip of sulcus. Here the nerve fibers lose their myelin 
sheath and come almost at once into relation with the inner hair cells. From this 


** Streeter, 1907. 
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hair cells, thus forming a reticular layer through the openings. of which the cilia 
of the hair cells project. 

The cells of Deiters are succeeded by the siistcntacular cells of Ilenscn. These 
are tall columnar cells. There are al>oiit eight rows of these cells, the innermost 
of which equal in height the tall cells of the preceding type. The cells of the outer 
rows become abruptly shortened. Here th^ pass into the cuboidal cells of Clau- 
dius, and are thus continued outward to the spiral ligament. 

The nuclei of the cells of Hensen arc found in their superficial third, those of the 
cells of Claudius in the center of the cell. Beneath Ilcnscn’s cells other small 
nucleated elements are occasionally found. They give to this layer somewhat tite 
appearance of a two-rowed epithelium and arc known as. the cells of Botfehcr. 

Both the cells of Hensen and those of Claudius are provided with a cuticular 
margin which, with the similar cuticle of the cells of Deiters, forms a continuous, 
membranous, cuticular layer known as the laiiiina reticularis. The inner portion 
of this cuticular membrane is pierced by the cilia of the three to five rows of outer 
hair cells, as already described. 

A fibrillar axial core is a common feature of all of the sustentacular elements 
of Corti’s organ. This fiber of RctsUts becomes progressively less pronounced in 
passing from the pillar cells, where it is very highly developed, to the cells of 
Claudius, where it is barely discernible. 

In the above description we have directed attention to the appearance of transec- 
tions of the organ of Corti. In the study of this organ in the fresh condition, and oc- 
casionally in fixed and stained preparations, It is possible to obtain a surface view of 
this organ from the direction of the scala media. In such preparations the polygonal 
outlines of the columnar cells of the limbus spiralis, beneath which are the auditory 
teeth, are seen on the outer side of the attachment of Reissner’s membrane. Beneath 
the overhanging edge of the limbus the mosaic of large polygonal epithelial cells of the 
internal sulcus comes into view. At the margin of the organ of Corti these are ex- 
changed for the broader ends of the inner sustentacular cells and the adjacent single 
row of inner hair cells. 

The flattened rectangular head plates of the inner pillar cells form the next row, 
the heads of the outer pillars projecting from beneath, and extending be3rond the head^ 
of the inner pillar cells. These are followed by tlje interdigitating phalanges of the cells 
of Deiters, which enter into the formation of the reticular membrane, through the 
fenestra of which the cilia of tlie three to five rows of outer hair cells project. This 
cuticular membrane is continued outward, and beneath it are successively seen the ends 
of the cells of Hensen, and of the cells of Claudius. 

The average total length of the organ of Corti in sixty-eight cochleae from indi- 
viduals ten weeks to eighty-five years 0/ age, as determined by Hardy,^^ is 31.52 mm, 
the range being from 25 26 to 35 45 mm. The number of turns is from two and one-half 
to two and three-fourths m 87 per cent of these cases, nine of these cochleae having 
exactly two and one-half turns. Eight cochleae ha\e more than two and three-fourths 
but less tlian three turns. She interprets her data as indicating a slight increase in 
length with age, without an increase in the number of turns. TJie organ of Corti is said 
to be on the average slightly longer in the right than in the left cochlea, and slightly 
longer in males than in females. The data indicate no racial difference. 

11 Hardy, 1938. 



INTERNAL EAR 645 

Acoustic Nerve. — The acoustic nen'c presents two distinct divisions both of 
wWch are sensory, but which differ greatly as regards their central termination. 
They likewise differ in their peripheral distribution. Within the internal acoustic 
meatus the nerve divides, each branch consisting of numerous bundles. Tlic vestib- 
ular (superior or anterior) division is supplied with a ganglion of considerable 
size, the vestibular gauglion (of Scarpa), beyond which the nerve separates into 
three branches which supply, respectively, the macula of the utricle, and the cristae 
of the superior and lateral semicircular ducts, in the neuro-epithelium of each of 
which their terminal fibrils end in relation with the bases of the hair cells (Figs. 



Fm 605.— Axial Section ti/rouck Corti’s Organ of the Cvisea»fic, Siiowinq the 
T cRiiiNAL Nerve Fibrils. 

B, cells of Eottcher; D^, D’, D^. three rows of Deiters’ cells; //, cells of Hensen; i.b., 
inner border cell; i.h., inner hair cell; t f-, pillar cell; »f, terminal branch of the cochlear 
nerve ; 0 /i.— r, 2, j, three rows of outer hair cells ; 0 outer pillar cell ; p , phalangeal process 
of the outer sustentacular process. Very highly magnified. (Held ) 

597 / 598). The remaining nerve fibers whicli are distributed to the vestibule are 
said to be derived from a branch of the cochlear (inferior or posterior) division, 
and to supply in a similar manner the macula of the saccule and the crista of the 
posterior semicircular duct. According to Streeter,^- the vestibular nerve con- 
tributes also the innervation to the posterior duct and to the saccule, the cochlear 
nei^-e supplying only the cochlea. 

The cochlear branch proper, cochlear nerve, enters the modiolus, where it 
becomes abruptly narrowed by giving off numerous fine branches which pass 
outward between the layers of the bony spiral lamina Here they form a continu- 
ous spiral succession of small nerve trunks, supplied with many bipolar ganglion 
cells, which collectively form the spiral ganglion (Fig. 601). They penetrate the 
margin of the bony sulcus through the foramina nervosa, a succession of perfora- 
tions, in the tympanic lip of sulcus. Here the nerve fibers lose their myelin 
sheath and come almost at once into relation with the inner hair cells. From this 


Streeter, 1907. 
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hair cells, thus forming a retiailar layer through the openings. of which the cilia 
of the hair cells project. 

The cells of Deiters are succeeded by the sustentacular cells of JIcnscn. These 
are tall columnar cells. There are about eight rou’s of these cells, the innermost 
of which equal in height the tall cells of the preceding type. The cells of the outer 
rows become abruptly shortened. Here they pass into the cuboidal cells of Claxi- 
ilius, and are thus continued outward to the spiral ligament. 

The nuclei of the cells of Hensen arc found in their superficial third, those of the 
cells of Claudius in the center of the cell. Beneath Hensen’s cells other small 
nucleated elements arc occasionally found. They give to this layer somewhat the 
appearance of a two-rowed epithelium and are known as. the cells of Dollchcr. 

Both the cells of Hensen and those of Qaudius are provided with a cuticular 
margin which, with the similar cuticle of the cells of Deiters, forms a continuous, 
membranous, cuticular layer known as the lamma reticularis. The inner portion 
of this cuticular membrane is pierced by the cilia of tlie three to five rows of outer 
hair cells, as already described. 

A fibrillar axial core is a common feature of all of the sustentacular elements 
of Corti’s organ. This fiber of Relcitis becomes progressively less pronounced in 
passing from the pillar cells, where it is very highly developed, to the cells of 
Claudius, where it is barely discernible. 

In the above description we have directed attention to the appearance of transec- 
tions of the organ of Corti. In the study of this organ in the fresh condition, and oc- 
casionally in fixed and stained preparations, it is possible to obtain a surface view of 
this organ from the direction of the scala media. In such preparations the polygonal 
outlines of the columnar cells of the limbus spiralis, beneath which are the auditory 
teeth, are seen on the outer side of the attachment of Reissner’s membrane. Beneath 
the overhanging edge of the limbus the mosaic of large polygonal epithelial cells of the 
internal sulcus comes into view. At the margin of the organ of Corti these are e-x* 
clianged for the broader ends of the inner sustentacular cells and the adjacent single 
row of inner hair cells. 

The flattened rectangular head plates of the inner pillar cells form the next row, 
the heads of the outer pillars projecting from beneath, and extending beyond the headi 
of the inner pillar cells. These are followed by the interdigitating phalanges of the cells 
of Deiters, which enter into the formation of the reticular membrane, through the 
fenestra of which the cilia of the three to five rows of outer hair cells project. This 
cuticular membrane is continued outward, and beneath it are successively seen the ends 
of the cells of Hensen, and of the cells of Claudius. 

The average total length of the organ of Corti in sixty-eight cochleae from indi- 
viduals ten weeks to eighty-five years of age, as determined by Hardy, is 3 *-52 mm, 
the range being from 25 26 to 3545 mm. Tlie number of turns is from two and one-half 
to two and three-fourths in 87 per cent of these cases, nine of these cochleae having 
exactly two and one-half turns. Eight cochleae have more than two and tliree-fourths 
but less than three turns. She interprets her data as indicating a slight increase in 
length with age, without an increase in the number of turns. The organ of Corti is said 
to be on the average slightly longer in tlie riglit than in the left cochlea, and slightly 
longer in males than in females. TJie data indicate no racial difference. 


11 Hardy, 1938 
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Acoustic Nerve. — The acoustic nen’e presents two distinct divisions both of 
which are sensory, but which differ greatly as regards their central termination. 
They likewise differ in their peripheral distribution. Within the internal acoustic 
meatus the ner\-e divides, each branch consisting of numerous bundles. The vestib- 
ular (superior or anterior) division is supplied with a ganglion of considerable 
size, the vestibular gauglioti (of Scarpa)^ beyond which the ner\'e separates into 
three branches which supply, respectively, the macula of the utricle, and the cristae 
of the superior and lateral semicircular ducts, in the neuro-epithelium of each of 
which their terminal fibrils end in relation with the bases of the hair cells (Figs. 



Fic. 605— Axial Section through Cort/s Organ of the Guinea-pig, Showing the 
Terminal Ner\x Fibrils. 

B, cells of Bottcher; D^, D-, D^, three rows of Deiters’ cells; II, cells of Hensen; ib., 
inner border cell; i.h., Inner hair cell, i.p., inner pillar cell; tr, terminal branch of the cochlear 
nerve; 2, 3, three rows of outer hair cells; op, outer pillar cell; p., phalangeal process 

of the outer sustentacular process. Very highly magnified. (Held) 

597. 598). The remaining nerve fibers which are distributed to the vestibule are 
said to be derived from a branch of the cochlear (inferior or posterior) division, 
and to supply in a similar manner the macula of the saccule and the crista of the 
posterior semicircular duct. According to Streeter,*^ the vestibular nerve con- 
tributes also the innei^’ation to the posterior duct and to the saccule, the cochlear 
nerve supplying only the cochlea. 

The cochlear branch proper, cochlear nerve, enters the modiolus, where it 
becomes abruptly narrowed by giving off numerous fine branches which pass 
outward between the layers of the bony spiral lamina. Here they form a continu- 
ous spiral succession of small nerve trunks, supplied with many bipolar ganglion 
cells, which collectively form the spiral ganglion (Fig. 601). They penetrate the 
margin of the bonj’ sulcus through the foramina nervosa, a succession of perfora- 
tions, in the tympanic lip of sulcus. Here the nerv'e fibers lose their myelin 
sheath and come almost at once into relation with the inner hair cells. From this 
Streeter, 1907. 
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point the path of the uamycllnatcd ftljcit: varies, most of tUcxn passing for some 
distance along a spiral course through the organ of Corti. One such spiral hutidle 
is found on the inner, and another on tlic outer side of the inner piiSars, the latter 
lying witliin the caiial of Coni, StiM other fihets, the /««»<•/ fibers, cross the canal 
of Corti to {orm a spiral plexus beneath the outer Itair cells, and the cells of Deilers. 



Fio 6061— ScnEiiE Of THE Vascular Surrev or the Tstersal Ear. 

O, first turn of the eocWca; S, saccute; SnfS-C^. ExtS.C-, anU Pa.tfS.C., superior, ex- 
ternal, and posterior semicircular canals; V, utricle. The arteries arc in heavy blacJ.-. the veins 
somewhat lighter: <?, central vein, and b, centra! artery ol the cochlea; c, vestthttlar artery; 
<t, vestibulocochlear artery, A srtera proptia cocHeae; /, vena aqueUuctus cochlea; ff, vena 
aqueductus vcsiibuli. 

Terminal fibrils from these spiral plexuses end in rehlion vfvth both the inner 
and the outer hair cells. 

The relation of the nen^’e cells 0/ the spiral ^nglion and the vestibular ganglion 
to the termination ol the nerve fibrils about the hair cells of the organ of Corti, 
the maculae, and the enstae, is esecultally the same. The ganglia contain the cell 
bodies of tlie peripheral sensory neurons of the eighth cerehnil or acoustic nerve. 
These are bipolar cells, of which the central process or axon enters a myelinated 
ners'e fiber of the acoustic nerve, while the peripheral process is distributed to the 
hair cells of the several areas of spedaltaed neuro-epithelium, as above described. 

Vascular Supply . — Blood .S'«/^p/y.'— The tnternai ear is supplied hy the internal 
saditory artery, a branch of the bastlar artery, which enters the labyrinth alotvg 
with the acoustic nerve, and at once divide into two main stems, the vestibular 
and the cochlear (arteria cochlearis cotnmonis, Sicbenmann). The u«fi’ 6 Hiar artery 
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accompanies the branches of the vestibular nerve to the saccule, utricle, and semi- 
circular ducts, supplying these structures in the posterior portion of the vestibule, 
and forming a rich plexus in the connective tissue of the maculae and cristae, 
and a more scanty network in the remaining portions of the membranous labyrinth. 

The cochlear division of the internal auditory artery, according to Siebenmann, 
promptly subdivides into tlie cochlear artery proper, which appears as the continu- 
ation of the vessel, and the z'cstibulocochlcar artery, wliicli supplies the macula 
sacculi, the posterior ampulla, and the adjacent portions of the utricle and posterior 



Fio 607.— Scheme of the Vascular Termixations in* the Wall of the Cochlear Ca.vals. 

c, capillary vessels in tlie spiral ligament; Dc, cochlear duct or scala media, d, capillaries 
in tile limbus spiralis; f, scala tjmpapi, o- arteriole; h, spiral ganglion; 1, vena spiralis 
inferior, v, scala vcstibuli; vena spiralis superior (Bblim and von Davidoff.) 

semicircular duct. This vessel also supplies the early portion of the first turn of the 
spiral cochlea. 

The true cochlear artery enters the modiolus and supplies a branch to the 
remaining portion of the first cochlear turn, and a terminal branch which passes 
as far as the apex of the cochlea, distributing its branches to the last two turns. 
All of these vessels are characterized by their peculiarly tortuous course. They 
distribute terminal branches to the limbus spiralis and to the connective tissue of 
the membranous scala vestibuli, extending as far around this canal as the spiral 
ligament. No vessels cross in the basilar membrane. 

The veins collect the blood from the limbus spiralis and the wall of the scala 
t>Tnpani and form venous trunks within the modiolus, which correspond more or 
less closely with the arteries. Two of the cochlear radicles of the venous tributaries 
are important by reason of their position and relative size: the vas prominens 
of the prominentia spiralis of the stria vascularis, and the vas spiralis beneath 
the organ of Corti. Those veins coming from the wall of the scala tympani unite 
to form superior and inferior spiral vdns in the inner wall of the scala t^-mpani 
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point the path o( the ttnntyctinatcj fibers varies, most o( them passing for some 
distance along a spiral cotirsc through the organ of Coni. One such spiral bundle 
is iound on the imier, mnS another on the outer side of the inner pillars, the latter 
lying within the canal of Coni, Still other filters, the /lomd fibers, cross the canal 
of Cortt to form a spiral plexus beneath the outer luiir colls.and the cells of Ddters. 



Fjc 606.— ■Scusmr Of T»s Vasci'i-«» SwrriY of tjis I?<TER.vAt Ear. 


C^, first two of the cochlea; S, sacctjle; SiipS-C , ExtS.C; and PottS.C-j superior, «- 
ternal, and postersor semicircuJar canab; I/, utricle The arteries are in heavy Wack, the tcins 
somewhat lighter; a, central vein, and K central artery of the cochlea; e, xaubuhr artery: 
d, vestsbulocQcldear artery; e, arteria propria cochleae; f, vena aqueiiuclus cochlea; (f, vena 
aqueductus vestibwh. 

Terminal fibrils from these spiral plexuses c«d in relation with both the inner 
and the outer hair cells. 

The relation of the nerve cells of the spiral ganglion and the vestibular ganglion 
to the termination of the nerve fibrils about the fwir cells of the organ of Cortt, 
the maculae, and the cristae, is essenttally the same. The ganglia contain the cell 
bodies of the peripheral sensory neurems of the eighth cerebral or acoustic nerve. 
These are bipolar cells, of which the cerjtral process or axon enters a nryelinated 
nerve fiber of the acoustic nerve, while the peripheral process is distributed to the 
hair cells of the several areas of spedaUzed neuro-epithelium, as above described. 

Vascular Supply. — Blood Supply, — The internal ear is supplied by tire internal 
auditory artery, a faratveh of the basilar artery, which enters the labyrinth along 
with the acoustic nerve, and at once divides into two main stems, the vestibular 
snd the cochlear (arteria cochlearis communis, Siebenmann) . The vesltbitlar artery 
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theory, a modification of the earlier telephone theory of Rutherford (1886) ; and he has 
succeeded in constructing an apparatus which simulates the cochlea, and imitates its 
presumed functional activity at least In the lower ranges of the tone scale. 

Hardesty^® suggests “that notes up to a certain pitch throw the entire natural tectorial 
membrane into vibrations of corresponding frequencies and that sensations of pitch 
are determined by the frequency of impingement of the membrane upon the auditory 
hairs, intensity being determined by the amplitude and quality by the quality of the 
wave motion imparted. Further, that the highest notes within the range of the auditory- 
apparatus throw, according to their frequency, only varying extents of the smaller, basal 
end of tile tectorial membrane into vibration, being so damped out in passing toward the 
apex of the coddea, overcoming friction, the inertia of the endolymph and that of the 
membrane itself, as not to produce vibrations in the heavier, apical portions " 

In essence, the tectorial membrane is conceived to respond in its several parts in 
the manner of a physical resonator to tones of different pitch (Shambaugh). According 
to this conception, tone analysis is accomplished peripherally, the specific stimulus being 
carried to the brain by the special .sets of cochlear nerve fibers. 


DEVELOPMENT OP THE EAR 

The external ear develops in connection with the first branchial furrow ; the meatus 
from the deepened groove, the auricle through the fusion of definite tubercles on the 
adjacent branchial arches. 

The middle ear and auditory tube arise from the corresponding pharj-ngeal pouch, 
the process involving a ventral elongation of the groove lo form tlie tube and a subse- 
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Fig. 6c®, — Semidiacramjiatic Illustrations ot Successive Stages in the Development 
or THE Internal Ear of the Chick. 

embryo; B, sixty-hour embryo; C, five-day embryo; D, sevtn-day em- 
bryo; M, wait of neural canal at level of metcncepbalon ; B, epidermal ectoderm; ol<, olic pit 
fodc vesicle), DE. ductus endolymphaticus , saccus endolymphaticus; c(f 
cochlear duct; «, utnculus; dss, superior semicircular duct; dsl, lateral semicircular duct. 

quent dorsal dilatation, expanding as the tympanum to include the auditory ossicles 
whicli h.ave meanwhile taken form in the adjacent mescnchyma. The mastoid cells are 
lormed by a late erosion and invasion of flie bone by the mucous membrane of thp 
tympanum. ^ 

mternal ear develops from a thickening in the epidermal ectoderm at the level 
“ Hardesty, 1914, ^ ^ ^ 
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These vessels chiefly empty into the vena aqucductus cochleae which finds its way 
through the aqueduct to the internal jugular vein. Other branches from the interior 
of the cochlea unite to form the central vein of the cochlea, which becomes the 
chief radicle of the internal auditory vein, and thus enters cither the transverse 
or inferior petrosal sinus. 

The veins from the utricle and semicircular canals mostly enter the vena ague- 
ductus vestibuU (aqueduct of Cotunnius), which follows its aqueduct to the 
superior petrosal sinus. 

It will be perceived that the blood has three chief avenues of exit from the 
labyrinth: by the vena aqueductus vcslibiili, by tJie vena aqucductus cochleae and 
by the internal auditory vein. The greater portion of the blood pursues the second 
course and thus finds its way to the internal jugular vein, the smaller remainder 
entering the petrosal sinuses by one of the other two avenues. 

Lymphatics. — ^The internal ear contains relatively few lymphatic vessels but 
is richly supplied with broad lymphatic spaces. Anastomosing vessels are found 
in the periosteum and membranous wall of the labyrinth. These communicate with 
the perilymph spaces between the periosteum and the membranous wall in the 
vestibule, and with the vestibular and tymiianic scalae in the cochlea. The peri- 
lymphatic spaces are connected with the subdural space of the meninges by means 
of lymphatic channels in the aqucductus cochleae. The perilj-mph of the vestibule 
also communicates with the subdural space through vessels which follow the 
sheaths of the nerves. 

The endolymph cavities of the several divisions of the membranous labyrinth 
communicate freely with one another. By means of the ductus endolymphaticus 
a connection is also established through the aqueductus vestibuli with the subdural 
space, the blind terminal saccule of this canal, the saccus endolymphaticus lying 
upon the posterior surface of the petrous bone and in contact with the dura mater. 

FUNCTION OF THE COCHLEA 

The cochlea is the essential organ of hearing. The fundamental structure concerned 
in audition is the spiral organ of Corti. The physiology of sound perception involves 
proximally tlie stimulation of the hair cells of Corti’s organ by the tectorial membrane. 
This membrane is thrown into synchronous vibrations by the undulations in the en- 
dolymph of the cochlear duct transmitted through the vestibular membrane from the 
perilymph The latter receives the sound waves through the foot plate of the stapes. 

The Helmholtz (1896) theory of tone perception, formerly widely accepted, pos- 
tulated sympathedc vibrations, in resonance with atmospheric waves, on the part of the 
fibers of the basilar membrane. This view has been shown to be untenable, notably by 
Shambaugh and by Hardesty.^* The basilar membrane contains only a little more than 
half as many fibers as the maximum number of vibrations (40,000 double vibratioi^ 
per second) commonly audible; moreover, it does not possess the physical and histologic 
properties demanded by the resonance theory of tone perception Hardesty has shown that 
the tectorial membrane on the contrary does answr the requirements of an alternative 


1* Shambaugh, 1908- 
14 Hardesty. 1908. 
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theory, a modification of the earlier telephone theory of Rutherford (1886) ; and lie has 
succeeded in constructing an apparatus whidi simulates the cochlea, and imitates its 
presumed functional activity at least in the lower ranges of the tone scale. 

Hardesty suggests “that notes up to a certain pitch throw the entire natural tectorial 
membrane into vibrations of corresponding frequencies and that sensations of pitch 
are determined by the frequency of impingement of the membrane upon the auditory 
hairs, intensity being determined by the amplitude and quality by the quality of the 
wave motion imparted. Further, that the highest notes within the range of the auditoiy- 
apparatus throw, according to their frequency, only varying extents of the smaller, basal 
end of the tectorial membrane into vibration, being so damped out in passing toward the 
apex of the cochlea, overcoming friction, the inertia of the endoljmph and that of the 
membrane itself, as not to produce vibrations in the heavier, apical portions.” 

In essence, the tectorial membrane is conceived to respond in its several parts in 
the manner of a physical resonator to tones of different pitcli (Shambaugh). According 
to this conception, tone analysis is accomplished peripherally, the specific stimulus being 
carried to the brain by the special sets of cochlear nerve fibers. 


DEVELOPMENT OF THE EAR 

The external ear develops in connection with the first branchial furrow: the meatus 
from the deepened groove, tiie auricle through the fusion of definite tubercles on the 
adjacent brancliial arches. 

The middle ear and auditory tube arise from the corresponding pharyngeal pouch, 
the process involving a ventral elongation of the groove to form the tube and a subse- 



A, forty-five-hour embryo; B, sixty-hour embryo: C, five-day embr^-o; Z), seven-day em- 
bryo; M. wall of neural canal at level of metencephalon , E, epidermal ectoderm; op, otic oif 
oc, otocyst (otic vesicle); DE, ductus cndolymphaticus ; SE, saccus endolymphaticus • cd 
cochlear duct; u, utriculus; dss. superior semicircular duct; dsl, lateral semicircular duct’ 


quent dorsal dilatation, expanding as the tympanum to include the auditory ossicles 
it'’® meanwhile taken form in the adjacent mesenchyma. The mastoid cells are 
tympSum. "" invasion of the bone by the mucous membrane of the 

— ear develops from a thickening in the epider mal ectoderm at the level 
** Hardesty, 1914. ~ ^ 
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These vessels chiefly empty into the vem aqucduclus cochleae which finds its way 
through the aqueduct to the internal jugular vein. Other branches from the interior 
of the coclilea unite to form the central van of the cochlea, whicJi becomes the 
chief radicle of the inlcrml auditory vein, and thus enters either the transverse 
or inferior petrosal sinus. 

The veins from the utricle and semicircular canals mostly enter the vena aque- 
ditchis vcstibuU (aqueduct of Cotunnius), which follows its aqueduct to the 
superior petrosal sinus. 

It will be perceived that the blood has three chief avenues of exit from the 
labyrinth : by the vena aqueductus vestihuli, by th6 vena aqueductus cochleae and 
by the internal auditory vein. The greater portion of the blood pursues the second 
course and thus finds its way to the internal jugular vein, the smaller remainder 
entering the petrosal sinuses by one of the other two avenues. 

Lymphatics . — The internal ear contains relatively few lymphatic vessels but 
is richly supplied with broad fynipliatic spaces. Anastomosing vessels are found 
in the periosteum and membranous wall of the labyrinth. These communicate with 
the perilymph spaces between ibe periosteum and the membranous wall in the 
vestibule, and with the vestibular and tympanic scalac in the cochlea. The peri- 
lymphatic spaces arc connected with the suMiiral space of the meninges by means 
of lymphatic channels in the aqueductus cochleae. The perjIjTnph of the vestibule 
also communicates with the subdural space through vessels which follow the 
sheaths of the nerves. 

The endolymph cavities of the several divisions of the membranous labyrinth 
communicate freely with one another. By means of the ductus endolymphaticus 
a connection is also established through the aqueductus vestibuU with the sulidural 
space, the blind terminal saccule of this canal, the saccus endolymphaticus lying 
upon the posterior surface of the petrous bone and in contact with the dura mater. 


FUNCTION OF THE COCHLEA 

The cochlea is the essential organ of hearing. Tlie fundamental structure concerned 
in audition is the spiral organ of Corti. The physiology of sound perception involves 
proximally the stimulation of the hair cells of Corti's organ by the tectorial membrane. 
This membrane is thrown into synchronous vibrations by the undulations in the en- 
dolymph of the cochlear duct transmitted through the vestibular membrane from the 
perilymph. The latter receives the sound waves through tlie foot plate of the stapes. 

The Helmholtz (1896) theory of tone perception, formerly widely accepted, pos- 
tulated sympathetic vibrations, in resonance with atmospheric waves, on tlie part of the 
fibers of the basilar membrane. This view has been shown to be untenable, notably by 
Shambaugh^® and by Hardesty.** The basilar membrane contains only a little more than 
half as many fibers as the maximum number of vibrations (40,000 double vibrations 
per second) commonly audible; moreover, it does not possess the physical and histologic 
properties demanded by the resonance theory of tone perception. Hardesty has shown that 
the tectorial membrane on the contrary does answer the requirements of an alternative 


la Shambaugh, 1908 
• ** Hardesty, 1908. 
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one between the saccule and the oval windmv, the other between the saccule and the 
round window. From these two areas the two great scalac of the cochlea proceed in a 
definite and constant direction to their definitive position and condition.'® 
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of the tliird primary cerebral vesicle. Tills atuUtory prlmordium becomes invaginated 
to form an ofic pit, the aperture of which suliscfiucntty closes and thus separates an 
auditory vesicle or otocyst from the overlying parent ectoderm. At the point of closure 
medially a dorsal cvacinatlon arises to form the einfofyipj/'fioMV duct. At the upper pole 
of the vesicle appear the jcmiViVcnfor ducts through a process Involving the elevation of 
tliree circular folds, the lateral walls of which fuse proximally, and subsequently dis- 
appear leaving a peripheral duct dilated at one end to form an ampulla. The cochlea 
arises at tlie opposite pole as a tubular evaghialion which becomes spirally disposed. 
The original vesicle persists as the utricle. On its anteromedial border is formed an 



Fro. 609 — Wax Recoxstroctions of Three Early Stages, is* tiiK Development or the 
Internal Ear (Membranous LABvm.vTir) of ilAN. 

A, lateral view, from a GO millimeter embryo; D, lateral view from an 11 tnillimeter 
embryo; C, front view from a 20 imnimcter embryo (.1 and B correspond approximately to 
stages C and D ol the preceding figure). DE, ductus endolympbaticus; SE, saccus cndol^Tn- 
phaticus; VP, vestibular pouch; cp. cochlear pouch; ap, absorption focus; c, crus; s, sacculus; 
«, utriculus; ed, cochlear duct; dss, dsp, and dst, superior, posterior, ''and lateral semicircular 
ducts. (After Streeter ) 


alveolar evagination, tlie jocck/f, which remains connected by a constricted duct, the 
Kfrieiifosaccufar ranof, to whicli is attached the ductus endolymphaticus 

Each ampulla differentiates an elongated patch of neuro-epithelium, (he cristae. In 
both utricle and saccule a similar oval patdi appears, the maculae. The spiral OTrjan of 
the cochlea develops in liVce manner through a specialization of Oie ectoderm along the 
floor of the membranous duct. 

Tlie bony fa 6 yrijit/i develops from the mesenchyma originally enveloping the mem- 
branous labyrinth. The mesenchyma immediately surrounding the membranous labyrinth 
becomes converted into a mucoid tissue whidi eventually disappears, leaving the periljm- 
phatic spaces. These spaces are bounded by periosteum, the innermost layer of which 
becomes modified into a mesenchymal epithelium. . 

The scala tyinpani and rcalo trjfibtili of the cochlea are' formed by the coalescence 
and subsequent dilatation of small mesenchymal tissue spaces in two distinct regions: 
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Abiogenesis, i8 
Acetjkholiiie, 193 

Acini, mucous, of salivary glands, 368 

— of compound tubulo-alveolar glands, 25S 

— of pancreas, 353 
—of parotid, 372 

— of submaxillary gland, 372 

— of subroucosa of esophagus, 336 

— serous, of salivary glands, 367 
Acromegaly, 529 
Adamantoblast, 322 

Adenoid g^o^^th, pharvngeal tonsil and. 
23 ^ 

Adipo->e tissue. See Tissue, adipose. 

Adrenal, Marchand's, 506. See also Gland, I 
suprarenal I 

Adrenalin, 503, 507 | 

— brain cells and, 120 

Adrenine, 507 ^ ' 

Alimentary canal, 332-364 

— fibroscrous coat of. 333 

— mucous membrane of. 334 

— muscular coat of, 333 

— submucous coat of, 333 

— tunica fibroscrosa of, 333 
—table of characteristics of, 365 
Allosome, 433 

Alveoli, pulmonary, 298-301 
Amelia, 3 
Ameloblast, 322 

Amitosis, cell multiplication by, 19-21 
Amphiaster, 21 . 

Ampulla, of ear, 633 

— of Thoma, 241 
Amjgdalae, 235 
Anaphase, 21 

— stages of, 26 
Anatomy, histology and, 2 

— microscopic, 1 
— tissue, I 
Angioblast, 184 
—origin of, 185 
Angioc>st, 185 

Annulus fibrosus of cardiac valve, 189 
Annulus tympanlcus, 624 
Anterior lote sutstance, growth acedm- 
tion and, 529 


Aorta, muscle cells of, 173. I74 
— branches of, 192 

Aponeuroses, tendons compared with, irS 
Appcmlage, vesicular, 490 
Appendices epiploicae, 361 
Appcn<lix, epididymidis, 457 
—testis, 457 

— \ermifortn. 361 
Arachnoid, of meninges, 565 
— \UU of. 566 
Arclioplasm, 6 

Areolae, 77 

Artcria centralis retinae, 603 
— course of. 603 
Arteriae propriac renalcs, 413 
Arieriolae rectac of kidney, 415 
Arteriole, afferent, peculiarities of, 414 
— cortical, of kidney, 414 
— medullary, of kidney, 414 

— prccapillary, in spleen, 241 

— w.ill of, 172 

I Artery, afferent, in kidney, 413 
[ — anterior spinal, 568 
1 —atypical, 173 
I — bronchial, 302 

course of, 304 

— capsular, of suprarenal gland, 504 
— cerebral, 173 
— ciliary, anterior, 610 
— —long, 6io 

-short, 610 

— coronary, 192 
— cortical, of brain, 568 

of suprarenal gland, 504 

— distribution of, in skin, 281 

— fissural. 568 

— function of, 168 
— hehcine, 459 

— hepatic, 392 
— hyaloid, function of, 610 
— interlobular, in kidney, 414 

in liver, 391, 392 

— large, 171 

smaller arteries compared vdth, 174 

—lingual, 330 

— medium-sized, as typical, 168 
medullary, of brain, 568 
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Blood supply, continued 

— of liver, 392 
—of lung, 303-306 
derivation of, 303 

— of muscle, 112 

— of ovary, 473 

— of oviduct, 478 

— of pancreas, 382 

— of salivary glands, 373 

— of sclerocorneal junction, 589 

— of skin. 281-283 

— of small intestine, 358 
— of stomach, 347 

— of suprarenal gland, 504 

— of thymus gland, 517 
— of thyroid gland, 511 
Blood vascular system, 168-193 

— angioblast of, 184 

— classification of, 186 

— composition of, 168 
—endothelium of, 187 

Blood vessels, development of, 184*187 

— hepatic, succession of, 395 
— in eye, 608-611 

— in ganglia, 147 

— in heart, 192 

— in lymphatics, 222 

— in lymph nodes, 232 

— in mammary gland, 497 
-in middle ear, 628 

— m mucous membrane of larynx, 292 

— in olfactory mucous membrane, 290 

— in pleura, 302 

— in spleen, 240 

— in tendon, 1 15 

— m tongue, 330 

— in trachea, 293 

— in uterine tube, 478 

— m uterus, 483 

— nerve supply of, 193 

— origin, of, 185 

— renal, 413 

Blood volume in man, 194 
Body, malpighian, 400, 404 

— pineal. See Epiphysis cerebri 
'pituitary. See Hypophysis cerebri. 

Bone, 70-85 

-absorption of newly formed, 79 

— blood supply of, 76 

— cancellous, 71, 82, 83 
circumferential lamellae of, 74 

— compact, 71 

— composition of, 70 


Bone, continued 
— development of, 77 > ^4 

— flat, 70, 77 

— Iiaversian system of, 72 

— interstitial lamellae of, 72, 73. 81 

— long, 71 

hyaline cartilage and, 77 

osteoblasts of. 84 

— lymphatics of, 76 

— marrow of, 74 See also Bone marrow. 

— membrane, 83. 84 

— nerves of, 76 

— ossification of. Sec Ossification. 

— osteoblasts of, 72, 76. 77, 85 
— osteoclasts of, 76 
— osteogenic layer of, 77 
— periosteum of, 77 
— primary, 79 
-—regeneration of, 84 
—spongy, 71 
— substitution, 77 
Bone marrow, 74, 211-216 

— blood supply of. 75, 76 

— hemogenic cells of, 211-216 
— hemosiderin granules in, 205* 

— lymphocytes of, 212 

— lymphoid nodules in, 217 

— monocytes of, 212 
—myeloblast of, 212 
— myelocyte of, 211 
—nerves of, 76 

— of birds, 217 

— of developing bones, 206 

— origin of blood in, 194 

— osteogenic elements of, 75, 76 

— primary osteogenic, 78 

— red, function of, 211 

proportion of, to body weight, 2:1 

— yellow, 211 
Brain, 551-563 
Brain sand, 533 
Bronchi, 294-296 

— cartilaginous coat of, 296 

— lamina muscularis mucosae of, 294 
— lymph nodes and nodules of, 296 

— mucosa of, 294 

— outer fibrous coat of, 296 

— submucosa of, 294 

— tubulo-acinose mucous glands of, 295 
Bronchiole, 296-298 
— epitlielium of, 296 

— fibrous coat of, 274 

— muscularis mucosae of, 296 
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Artery, medullary, conliiiucd 
of suprarenal Rlaiul, 504 

— meningeal, 173 

— mesenteric, in small intestine, 358 
— middle cerebral, 568 

— ovarian, 473 

— precapillary, 173 
— pulmonary, 173 

course of, 303 

nutritiori from. 306 

— renal, brandies of, 413 

— sheathed, of spleen, 241 

— small, 171 

— — larger arteries compared with, 174 
— subclavian, 173 

— terminal, of nervous system, 569 
— types of, 768 
— umbilical. 173 

— uterine, 473 

— vein, comparerl with, 183 

— wall of, characteristics of, 171 
Aschoff, reticulo-endothcHal system of, 215 
Asellt, pancreas of, 359 

Aster, constituents of, 6 
Astrocyte, embryonic ependyma cells and. 
137 

•^fibrous, 137, 138 
— -long-rayed, 134 

— mixed type of, 138 
—mossy cell, 134 

— protoplasmic, 137 

— short-rayed, 134 

— spider cell, 134 

— structures of, 134 

— V'^aneties of, 134 

Astroglia, 137 ^ 

Astrophere, 6 

Atrioventricular bundle of His, 97 

— composition of, 191 
— -function of, 192 
Atrium of lung, 297 
Auerbach’s plexus, 333 
Auricle of ear, 619 
Autocoid. Se^ Hormone. 

Autonomic system See Nervous system. 

Autosome, 433 

Auxocyte, 433 

Axis cylinder. See Axon. 

Axolemma, of Kuhne, 129 
Axon, 117, t24, 145 

axis cylinder of, fibrils of, 128 

myelin sheath of, 129 

— cdJifugal process ot 126 


Axon, eoiUmiicd 
—collaterals of, 125 
— -end arboriz.ntions of, 126 
— slieaths of, 127 
— structure of, 125 
AxO/I hillocJf, 72 $ 

Axoplasm, 125, 128 


Bands of Rollct, 96 
B.'jsicbromafin, 5 
Basophil, significance of, 202 
—varieties of, 202 
Bellini, rlucts of, 400 
Betbe. trefoil plates of, 151 
Bichat, 1 

Bile, description of, 392 
• — excretory s>slcm of, 385 
Bioplasm, i 

Bt2202ero, «-.in<Ier tlteorj* of, 355 

Bladder, urinary, 422-423 

——structure of wall of, 422 

— — v.iscul.ir and nerve supply of, 423 

Blastomerc, 27 

Blood, 194-217 

—cel/s of, r95 

——ancestral, views of, 206-211 

— red. structure of, 194, 195 

— table of varieties of, 198-199 
white. >94. 198 

— coagulation of, 194 
— color of, .204 
— definition of, 194 
— development of, 20S 
— hemoglobin of, 204 

— hemopoiesis of, 205-211 

— plasma of, 194 

— solutions, hypertonic^ tor, 197 

— — hypotonic, 197 

isotonic, T97 

Blood platelets, 194, 202 
— megakaryocytes and, 203 

Blood pressure, lamellar corpuscles as regu- 
lators of, 159 
Blood shadows, 197 
Blood supply, of bone. 76 

— of central nervous system, 56S 

— of connective tissue, 65 
— of epiphysis cerebri, 532 
— of eyelid, 165 

— of hemolymph nodes, 235 - 

— of hypophysis cerebri, 528 
— of internal ear, 648 



INDEX 


665 


Cell, 

— cytoplasm of, 6 
— definition of, i 

— Deiter’s, 126 

— delomorplious, 341 

— description of, 4 
— division of, 19-21 

by amitosis, 19 

by mitosis, 21 

— endothelial, 37, 176. t88 

— ependyma, 134 

spongioblasts as, 140 

— epithelial, 187 

— fat, 60 

serous, 61 

—ganglion, 143 

types of, in spinal ganglia, 143 

— glandular. 32 
—glia, types of, 134 
appearance of, 134 

— goblet. 32 

——mucous membrane, sso 

— Golgi, Type I, 126. 127 
Type n, 126, 127 

— granule, 209 

of Paneth, 356 

—guard, 37 

— gustatory, 152 

description of, 153 

— hepatic, 383 
structure of. 388 

— interstitial cells, in tcsti«, 444 

— islet, of pancreas, 378 
— laracllaT, 52 
— lutein, 470 

— lymph, 218, 228 

— mastoid, 623 
— 'mesothelial, 37, 225 

— mitochondria of, 7 
— -mossy. See Astrocyte, long-rayctl. 

— mossy neuroglia. See Astrocyte, proto- 

plasmic. 

— mucous-secreting, characteristics of, 252 

— muscle, 89 

smooth, of veins, 181 

smooth, of venules, 180 

— nerve, 117 

apyknomorphous condition of, 119 

astrophic center, 132 

cytoplasm of, 118, 121 

distribution of, 132 

inner, of retina, 595 
middle, of retina, 595 


Cell, nerve, continued 
— — multipolar. 118 

nucleus of, 118 

-2 outer, of retina, 594 

pyknomorphous condition of, U9 

unipolar, 118 

— of Betz, 559 
— of Martinotti, 560 
— of Paneth, 356 
— of Ranvicr, 114, 115 
— of Roiiget, 177 
— olfactory’, 288, 289 - 

— osteogenic, 72 
— oxyntic, 34 T 
— parietal, 341 

— pavement, of eptcardiuin, 188 
of serous membrane, 226 

— phcochromc, 507 

— pigment, occurrence of, 52 

— pl.isma. 50. sr, 198, 203, 210 

— polyhedral, 32 

— prickle, 261 

— prismatic, 32 

— protoplasmic structure of, 12-15 

— pyramidal, 32 

— reproduction of, 18 

— reticular, 215, 246 

— Russell-body, 198 

characteristics of, 203 

-serous-secreting, characteristics of, 252 

— Sertoli, 439 

— sheath, 132, 139 

— spheroidal, 32 

— spider. See Astrocyte, long-rayed. 

— spindle, 52 

— splenic, 244 

— squamous, 32, 37 

— stellate, 52, 385 

— sustentacuhir, of taste buds, 152, 153 
of olfactory epithelium, 288 

— tactile, 151 

compound, in connective tissue, 160 

description of, 151 

in corpuscles of Herbst, 159 

in hair bulb, 152 

— tendon, 114, 115 

— vital properties of, 15 

— von Kupffer, 215, 246, 247, 385 

Cell membrane, 4 

Cell plate, 26 

Cell wall, 4 

Cementoblast, 325 

Cementogenesis, 325 
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Brofidn'ole, continued 
■ — pulmonary lobule and, 296 

— respiratory, structure of, 297 
— terminal, 297 

Brownian movement, 17, 237 
Brown, Robert, i 
Briicke, disk of, 93 
Brunner, glands of, 255, 337 
Bundle, atrioventricular, of His, 190 

— fibrous, of chordae tendincae, 189 

— muscle, in heart, 187 

— primary, of tendon, 114 
Bursa, 115, 226 


Cajal, 9, 138, 143, 148 

— amacrine cells of, 595 
Calcification. See Ossification. 

Calices, 398 \ 

Call-Exner bodies, 472 
Canal, alimentary, 332-364 

— haversian, 73, 8t 

— intracellular, of serous-secreting cell, 

253 

—pericellular secretory, of parietal cell, 
342 

— portal, of liver, 385 
location of, 386 

— of Petit, 608 

— Volkmann’s, 73 
Canaliculi, of bone, 73 
—bile, 387 

— in cytoplasm of nerve cell, 123 

— intercellular, 253 

— intracellular, 253 

— of parietal cells, 342 

— lacnniahs, 616 
Capillary, 175-180 

— bile, 387 

— branching of, 178 

— bronciiial, 305 

— description of, 175 

— endothelial, 180 

— function of, 180 

— intralobular, of liver, 393 

— location of, 178 

— lymphatic, wall of, 220 

— medullary, in kidney, 415 
—methods of origin of, 222 

— muscular, 180 

— pulmonary, 303 

— structure of, 180 
—wall o£, 175 - 


Capsule, of Bowman, 404 
— of Glisson, 382, 385, 386 
— of kidney, arteries In, 416 
— of Tenon, 570 
Cartilage, 67-70 
—articular, 71 
—calcified, 78- 
> — cell, enlargement of, 77 
— —multiplication of, ^ 

—clastic. 69 

— fetal, 77 

— fitiro-, 69 

■ — hyaline, 67 

long-lioncs and, 77 

— varieties of, 67 
— ossification of, 77 
Cartilage matrix, 67 
■ — formation of, 67, 68 
Cartilaginous coat, of bronchi, 296 
— of trachea, 293 
Caruncula lacrimalis, 616 
Cavity, medullary of bones, 79 

— nasal. See Nasal cavity. 

—uterine, 482 

Cecum, 361 

Cell, acidophil, in intestinal glands, 356 
—in hypophysis cerebri, 526 

— in parathyroid gland, 514 
—amacrine, of Cajal, 593 

— astral system of. 6 

— basal, of taste buds, 153 

of olfactory epithelium, 288. 289 

— Ixisket. of salivary glands, 367, 372 

— lasopliilic, of hypophysis cerehri, 526 

— blood, table of varieties of, 198-199 
Sec also Blood, cells of. 

— bone, 73 
• — brain, 120 
— cartilage, 

— enlargement of, 77 
fat cells and, 68 

— cementum, 325 

— centro-acinose, of pancreas, 376 

— chief, of stomach, 341 
of hypophysis, 526 

■ — clironiaffin, 356, S07 
— cliromophobe, 526 
— columnar, 32 

cubical, 32 

• cuboidal, 32 

— connective tissue, 50 

varieties of, 50 

• — cylindrical, 33 
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Cell, continued 

— cytoplasm of, 6 

— definition of, i 

— Deiter’s, 126 

— delomorplioiis, 341 
— description of, 4 
— division of, 19-21 

by amitosis, 19 

by mitosis, 21 

— endothelial, 37, lyd, 188 

— ependyma, 134 

spongioblasts as, 140 

— epithelial, 187 

— fat, 60 
serous, 6r 

— ganglion, 143 

— -types of, in spinal ganglia, t43 

— glandular, 32 

— glia, types of, 134 
appearance of, 134 

— goblet, 32 

mucous membrane, 250 

— Golgi, Type I, 126, 127 

Type 11, 126, 12“ I 

— granule, 209 

of Paneth, 356 

—guard, 37 

— gustatory, 152 

description of, 153 

—hepatic, 383 

structure of, 388 

— interstitial cells, in testis, 444 

— islet, of pancreas, 378 

— lamellar, 52 

— lutein, 470 

— lymph, 218, 228 
— mastoid, 623 

— mesothehal, 37, 225 
— 'mitochondria of, 7 

— mossy. See Astrocyte, long-rayed. 

— mossy neuroglia. Sec Astrocyte, proto- 

plasmic 

— mucous-secreting, characteristics of, 252 

— muscle, 89 

— ■ — smooth, of veins, 181 
smooth, of venules, 180 

— nerve, 117 

— — apyknomorphous condition of, 119 
• — astrophic center, 132 

• — cytoplasm of, 118, 121 
distribution of, 132 
inner, of retina, 595 
— middle, of retina, 595 


Cell, nerve, continued 
— — multipolar, 118 

nucleus of, 118 

-2 outer, of retina, 594 

pyknomorphous condition of, 119 

unipolar, 118 

—of Betz, 559 
— of Martinotti, 560 
— of Paneth, 356 
— of Ranvier, 114, iiS 
— of Roiiget, 177 
— olfactory’, 288, 289 • 

— osteogenic, 72 

— oxyntic, 341 

— parietal, 341 

— parement, of eptcardium, r88 
— - — of serous membrane, 226 

— plicoclirome, 507 

— -pigment, occurrence of, 52 
I — plasma. 50, 51, 198, 203, 210 • 

' — polyhedral, 32 
. — prickle, 261 

— prismatic, 32 

— protoplasmic structure of, I2»1S 

— pyramidal, 32 

— reproduction of, 18 

— reticular, 215, 246 

— Russell-body, 198 
characteristics of, 203 

— serous-secreting, characteristics of, 252 

— Sertoli, 439 

— sheath, 132, 139 
— spheroidal, 32 

— spider. See Astrocyte, long-rayed. 

— spindle, 52 

— splenic, 244 

— squamous, 32, 37 
— stellate, 52, 385 

— sustentacular, of taste buds, 152, 153 

of olfactory epithelium, 288 

— tactile, 151 

compound, in connective tissue, 160 

description of, 151 

in corpuscles of Herbst, 159 

in hair bulb, 152 

— tendon. 114, 115 

— vital properties of, 15 

— von KupfFer, 215, 246, 247, 385 

Cell membrane. 4 

Cell plate, 26 

Cell W'all, 4 

Cementoblast, 325 

Cementogenesis, 325 



666 


INDEX 


Cemcntum, circular dental ligament and, 

319 

— formation of, 325 

— periodontium of, 318 
•—structure of, 318 
Ccntriole, 6 
Ccntroplasm, 6 
Centrosome, 6, 121, 138 
Centrospliere, 6 
Cephalin, 194 
CereWlimi. 551-555 

— cortex of, 551 ••SS 4 

basket cells of, 553 

pranular layer of, 554 

granule cells of, SS4 

large stellate cells of, 554 

nuclear layer of, SS 4 

Purkinje cells of, 551 

— •—small cortical cells of, 553 

— medulla of, 554-555 

— summary of characteristics of, 555 
Cerebrospinal fluid, 569 
Cerumen, 620 

Choanae, 2S5 
Chondrioconts, 7 
Oiondriomites, 7 
Chondrmsomc, 7 
Cliondroclast, 78 
Chondrocyte, 67 

Chordae tendineae, structure of, 189 
Choroid coat of eye, 579*S8o 
—lamina capillaris of, 580 

— lamina suprachoroidea of, 579 
— lamina vasculosa of, 580 
Chromatin, 5 

Chromidia, 6 
Chromioles, 5 
Chromosomes, 23 

— daughter, 26 

— in spermatogenesis, 433 

— sex, 433 
Chyle, 219 

— in small intestine, 359 
Chylomicron, 195 
Cilia, function of, 17 

— of eyelid, 612 

Ciliary body, epithelium of, 583 

— fibrous layer of, 582 
— muscle of, 582 

— of eye, 580-583 

— structure of, 580 
Circle of Willis, 568 
Cisterna chyli, 223 


Clarke, cell column of, 548 
Clasmatocyte, 50, 52, 215 
Cleavage, cell, in histogenesis, 27 
Gitoris, structure of, 492 
Gotting. Sec Blood, coagulation. 
Cochlea, basilar membrane of, 639 

— function of, 648 

— limbus .spiralis of, 638 
— memhrana Icctoria of, 638 
—membrane of Corti-of, 638 
— membranous wall of. 637 
— organ of Corti of, 640 
— structure of, 634 
— sulajs spiralis internus of, 639 
—vestibular memlirane of, 637 
Cohnbeim, areas of, too, no 
Collagen, 56 
Colloids, 3. 508 
Cololxima, 588 
Colon. See Intestine, large. 

Colostrum, 496 

— function of, 497 
-theories of origin of, 496 
Columnae carneae, 190 
Columns, Kollikcr’s, too 
Conartum. See Epiphysis cerebri. 

Cone, Implantation, 125 
Conception, uterine changes and, 486 
Conjunctiva, fornix of, 6t4 
—ocular, 6t2 

— patpchral, 612 

Connective tissue. Sec Tissue, connective. 
Contractility, 15 

— definition of, 16 
— types of, 16 

Contraction bands in muscle, 107 

— intercalated disks and, 107 
Cord, angioblast, 185 

— ganglionated, 14S 
ganglia of, 145 

— lymphatic, 65 

— spermatic, pampiniform plexus of, 450 

structure of, 449 

—spinal, 54 I-SS* 

cervical region of, 548 

gray matter of, 541, 542-S43 

lumbar region of, 547 

sacral region of, 545*547 

structure of, 541 

— • — thoracic region of, 548 

white matter of, 544*545 

— splenic pulp, 241 
— vocal, 292. See also Larynx. 
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Corium. 34. 249 

— of sl^in, 258, 264 

— of small intestine, 351 

— of stomach, 345 

— of tongue, 327 

— papillae of, in skin, 264 
Cornea, 572-577 
— anterior epithelium of, 572 
— anterior homogeneous membrane of, 
574 

— nerve supply of, 576 

— posterior epithelium of, 575 

— posterior homogeneous membrane of, 

574 

— structure of, 572 

— substance of, 574 
Corpora cavernosa penis, 458 
Corporin, 462 

Corpus albicans, 464. 472 
Corpus arantii, 189 

Corpus cavernosum urethrae, 425, 458 
Corpus folliculare nienslruationis, 473 
—periods of, 473 
Corpus hemorrhagicum, 470 
Corpus highmorianum, 438 
Corpus luteum, 462, 4O3 

— formation of, 470 
Corpus mammae, 492 
Corpus spongiosum, 458 
Corpuscle, bulbous, 157 

— concentric, of Hassal, 517 
— discoid, 196 
—genital, 157, 461 

— Golgi-RIazzoni, 160, 193 

— Grandry, 159 

— Herbst, 159 

— Key-Retzius. 159 
— lamellar, 158 

location and function of, 159 

— lymphatic, 218 

— Merkel’s, 159 

— pacinian, 156, 158, 159, 461 
in striated muscle, 164 

■ — red blood, crenation of, 197; duration 
of life of, 196 
— ■ — number of, 197 
rouleaux formation by, 197 

— renal, 400, 404 

— salivary, 237 
, — tactile, 155 

formation of, 155 

location of, 156 

— thymic, 517 


Corpuscle, continued 

— touch, of Meissner, 155. 461 
— Vater’s, 158 

— Vatcr-pacinian, 158 
Cortex, cerebral, 556-557 
—of kidney, 398 
— of lymph node, 229 
—of ovarj’, 463 

— of suprarenal gland, 498, 507 
Corti, membrane of, 638 

— organ of, 640-644 
Cortico-adreiial extract, 507 
Corlin, 507 

Cowper, glands of, 255, 456 
Crenation. of red blood corpuscles, 197 
Crescent of Gianuzzi. See Demilunes. 
Crile, 120 

Crista acustica, function of, 634 
Crusta, 38 

Crusta petrosa. See Cementum. 

Crypt, mucous, of intestine, 355 
— of Lieberkuhn, 254 
— of tonsil, 236 
Crystalloids, 3 
Cumulus odpliorus, 469 
Cupula terminalis, of ear, 634 
Cutis \era. See Derma. 

Cylinder, terminal, 156 
Cytochromatm, 119 
Cytodesmata, 30 
C>iogcnesis, 1 
Cytology, I 
—embryology and, 2 
Cytoinorphosis, 29 
Cyton, 1 17 Sec also Cell body. 
Cytoplasm, 4 
— composition of, 6 
Cytoreticulum, 6 
Cytosome, 6. See Cytoplasm. 


Decidual membranes, 487 
Del Rio Hortega, 137 

— terminology of neuroglia, 137 
Demilune, of Heidenhain, 252 

— function of, 252 
—location of, 368 
— theories of, 368 
Dendrites, 117, 124 
Dendron, 117, 123 

— arborization of, 124 
— cellulipetal process of, 125 
— structure of, 124 



666 


INDEX 


Cementum, circular dental ligament and, 
3»9 

—'formation of, 325 

— periodontium of, 318 

— structure of, 318 
Centriole, 6 
Ccntroplasm, 6 
Centrosome, 6, tsi, 138 
Centrosphere, 6 
Ccplialin, 194 
Cerebellum, 551*555 

— cortex of, 55**554 

basket cells of, 553 

granular layer of, 554 

granule cells of, 554 

large stellate cells of, 554 

nuclear layer of. 554 

Purkinjc cells of, 551 

small cortical cells of, 553 

— medulla of, 554*555 

— summary of characteristics of, 555 
Cerebrospinal fluid, 569 
Cerumen, C20 

Clioanae, 285 
Chondrioconts, 7 
Cbondriomites, 7 
Chondnosome, 7 
Chondroclast, 78 
Chondrocyte, 67 

Chordae tendineae, structure of, 189 
Choroid coat of eye, 579-580 

— lamina capillaris of, 580 

— lamina suprachoroidea of, 579 
• — lamina vasculosa of, 580 
Chromatin, 5 

Chromidia, 6 
Chromioles, 5 
Chromosomes, 23 

— daughter, 26 

— in spermatogenesis, 433 

— sex, 433 
Chyle, 219 

— in small intestine, 359 
Chylomicron, 195 
Cilia, function of, 17 

— of eyelid, 612 

Ciliary body, epithelium of, 583 

— fibrous layer of, 5^^ 

— muscle of, 582 
— of eye, 580-583 

structure of, 580 

Circle of Willis. 568 
Cisterna chyli, 223 


CUrke, cell column of, 548 
CUsmatocyte, 50, 52, 215 
Cleavage, cell, in histogenesis, 27 
Clitoris, structure of, 492 
Clotting. See niood, coagulation. 
Cochlea, basilar membrane of, 639 

— function of, C48 
—limbus spiralis of, 638 

— iticmbrana Iccloria of. 638 
—membrane of Corti of, 638 
—membranous wall of, 637 
. — organ of Corti of, 640 
— stnicture of, 634 
—sulcus spiralis internus of, 639 
—vestibular membrane of, 637 
Cohiiheim, areas of, too, no 
Collagen, 56 
Colloids, 3, 508 
Cblobom.i, 588 
Colon. Sec Intestine, large. 

Colostrum, 496 

— function of, 497 
—theories of origin of. 496 
Columnae camcae, 190 
Columns, Kollikcris, too 
Conarium. See Epiphysis cerebri. 

Cone, implantation, 125 
Conception, uterine changes and, 486 
Conjunctiva, fornix of, 614 
—ocular, 612 

—palpebral, fii2 

Connective tissue. Sec Tissue, connective. 
Contractility, 15 
— definition of, 16 
— types of, 16 

Contraction bands in muscle, 107 

— intercalated disks and, 107 
Cord, angioblast, 185 

— gangHonated, 145 
^ganglia of, 145 

— lymphatic, 65 

— spermatic, pampiniform plexus of, 450 
^structure of, 449 

— spinal, 541-55* 

cervical region of, 548 

gray matter of, 541, 542-543 

lumbar region of, 547 

sacral region of, 545-547 

structure of, 541 

thoracic region of, 548 

white matter of, 544*545 

— splenic pulp, 241 

— vocal, 292. See also Larynx. 
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Ectoderm, 27 
— derivatiNes of, 28 

— growth of, 266 
Ectoplasm. See Exoplasm. 

Ehrlich, P., 201 

Elacin, 169 

Elastin, 57, 169 

Eleidin, 44 

— of Ranvier, 262 

Embryology, cytology and, 2 

— histology and, S 
Enamel, 317-318 

— prisms, 317 

Enamel germ, layers of, 321 
—dental sac and, 324 

— inner enamel epithelium of, 32I 
— outer enamel epithelium of, 323 
—pulp of, 324 

Enamel organ. See Enamel germ. 

Enchylcma, 6 

End-bulb, cylindrical, 157 

— in connective tissue of striated muscle, 

164 

—of Krause, 157, 461 
End-fibnl, in epithelium, 151 
Endoblast. See Entoderm. 

Endocardium, 187 

— sensory nerve fibers to, 193 
Endometrium, 480 
Endomysium, no 

— in heart, 187 
Endoneurium, 128, 140 
Endoplasm, 6 
End-organ, 151-167 
—encapsulated nerve, 157 

— function of, 151 

— Golgi, 163 

— motor, of muscle, 113 
— nerve, classification of, 166 
types of, 155 

— neuromuscular, 162 

— neurotendmous, 163 
— Ruffini's, 156 
Endosteum. 72 
Endothelium, 35, 36 
— corneal, 575 

— lymphatic, 233 

— of blood \ascular system, 187 

— of capillary wall, 175 

— of endocardium, i8g 

— of iris, 583 

— of vascular system, 168 
composition of, 160 


Endothelium, conthiucd 

— reticulo-, 75 

End-plate, motor, formation of, 161 
Entoderm, 27 
— derivatives of, 28 
Epiblast. See Ectoderm. 

Epicardiuni, 187 
—sensory nerve fibers to, 193 

— Structure of, 188 
Epidermis, 258-264 
— comification in, 258 

— cylindrical cell layer of, 259 
— cleidln-containing layer of, 262 
— llatlcncd-cell layer of, 263 

— function of, 258 

— granular l.iyer of, 261 
— intcrpapillary region of, 261 

— prickle cell layer of, 261 
— scaly layer of, 261 

— stratum corncum of, 259 
— stratum cylmdriciim of, 259 
—structure of, 258 

— suprapapihaTv portion of, 261 
Epididymis, structure of, 448 
Epiglottis, 291 

Epiniysium, no 
Epineplirine, 507 
Epineurium, 140 

— lymphatic vessels in, 141 
Epiphyseal line, 71, 82 
Epiphysis, of bone, 71 

— ossification of, 82 
Epiphy'sis cerebri, 530-535 
— blood supply of, 532 
— development of, 534 

— function of, 535 

— histologic structure of, 530 
Epitendineum, 114 

Epithelial bodies. Sec Gland, parathyroid. 
Epithelial tissue. Sec Tissue. 

Epithelium, ciliated, 33, 36, 38 
— classification of, 35-36 
—columnar, 35, 36 

ciliated, 35, 36, 38 

modified, 35, 38 

— plain, 35, 37 

— . — pseudostratified, 36, 44 
— complex, 32-36. See Epithelium strati- 
fied. 

— composition of, 32 
— corium and, 34 

— definition of, 32 

— function of, 32, 34 
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Dental pulp, 3^3*315 

— blood vessels of, 313 

— lympliatic vessels in, 314 

— nerve supply of. 314 
Dentin, 315-3^7 

— dentinal tubules of, 315 

— granular layer (of Tomes) of, 316 
—•structure of, 315 
Dentinal globules, 315 
Dentinal tubule (or canal), 315 

— sheaths of walls of, 316 
Derma, 264, 265 

— composition of, 264 

— papillary layer of, 264 

— reticular layer of, 264 
Derma vera. Sec Derma. 

Deuteroplasm, 6 
Deutoplasm, 6, 464 

De Witt, 192 
Diapedesis, 176 
Diarthroses, 85 

Diaster stage, of anaphase, 26 
Digestive system, 310-398 

— composition of, 3to 
Diploe, of bones of skull, 79 
Diplosome, 6, 21 

Disk, accessory, of Engelmann, 98 

— E, 99 
-H, 93 

— intercalated, 106 
——interpretations of, 95, 106 

— of cardiac muscle, 94 

— j. 95, 98 

— N, gS 

— Q. 93, 98 

— terminal, 99 

— z. 93, 98 

Disse, 152 

Duct, alveolar, of lung, 297, 300 

— bile, 3S5 

interlobular, structure of, 391 

larger, structure of, 398 

— cystic, 385 

— ejaculatory, structure of, 451 

— excretory, of typical gland, 256 
of salivary gland, 340, 366 

— hepatic, 385 

— intercalary, of typical gland, 255 
of pancreas, 376 

of salivary glands, 366 

— interlobar, of salivary glands, 366 

— interlobular, of salivary glands, 366 
of typical gland, 256 


Duct. coHlinucd 

— intralobular, of salivary glands, 366 
—of typical gland, 256 
— lactiferous, 492 
— right lymphatic, 223 
—nasolacrimal, 616 
—of duodenal gkinds, 357, 

—of salivary glands, 366 
—pancreatic, structure of, 375 
— papillary, of BclHnl, 400 

structure of, 412 

—secretory, of s.alivary glands, 3C6 

—semicircular, of ear, O32 

—thoracic, 223 

— thyroglossal, 330 

DuctuU, aberrantes, 457 

— cffcrenlcs, structure of, 447 

Ductus deferens, 448 

Ducslierg, 9. 92, 149 

Duodenal glands, 357 

Duodenum, 349 

Dura mater, structure of, 563 

Dwarfism, 529 

Dyes, classes of, 201 


Ear, 619-650 
—external, 619*621 

auricle of, 619 

—ceruminous glands of, 619 

external acoustic meatus of, 619 

— internal, 628-650 
——acoustic ner\’e of, 645 

blood supply of, 646 

— — cochlea of, 634 
— — lymphatics of, 648 

saccule of, 629 

semicircular ducts of, 632 

structure of, 628 

utricle of, 632 

vascular supply of, 646 

— middle, 621, 628 

auditory ossicles of, 625 

auditory tube of, 626 

blood vessels of, 628 

lymphatics of, 628 

mastoid cells of, 623 

structure of, 621 

tympanic membrane of, 622 

— —tympanic mucosa of, 622 
Eberth, ii 
— bands of, 94 
Ectoblast. See Ectoderm 
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Fiber, connective tissue, coitlittucd 
reticulum, 47 

white, 47. 56, 170 

— dentinal, 325 

— elastic. S3. 5^. 59 
—glia. 134 

— hypolemmal, 374 

— intergemmal, 154 
— intragemmal, 154 
— muscle. 189 
cardiac, igt 

extrinsic, of tongue. 325 

intrafusal, 162 

intrinsic, of tongue, 325 

longitudinal, of veins, 182 

— — of rnyocardium, 187 
smooth of mucous membrane, 250 

— nerve, 1 17-133 

-axis cylinder of, 128 

classification of, 128 

distribution of, 193 

— — internodal segments of, 129 

medullary slieatli of, 127, 129 

myelin.ated sheath of. 128 

with neurilemma, 128 

—without neurilemma, 131 

— —myelin sheath of, 127, 129 

-neurilemma of, 127 

nucleated sheath of Scliwann of, 127 

origin of, 127 

peripheral, 151-152 . 

Remak’s, 132 

— — structure of, 127 

sjanpaUietic, 132 

unmyelinated, 128 

with neurilemma, 132 

without nurilemma, 132 

wallerian degeneration of, 133 

-white substance of Schwann of, 127, 

129 

— of Muller, 598 

— osteogenic, 83 

— Purkinje, 97 

— Sharpey’s, 74 
—white, 53. 56 
Fibril, axon, 125, 128 

— border, 88 

— end-, in epithelium, 151 

— fibrin, 194 

— fibroglia, 65 

— in neuron, 122 

nerre, function of, 128 
intra-epithelial, 151 


Fibril, nerve, coulitiiicd 

of taste huds. 154 

terminal, 151 

— annular, 163 

— dendritic branchings, 163 

spiral. 163 

types of, 163 

— of axis cjlinder, 128 
— of tendons, 114, 115 
— sympathetic, in muscle. 113 
Fibrillae. ultimate. 128 
Fibrillogcncsis. 48 
— concepts of, 48-49 
Fibrin, 194 
Fibrinogen, 194 
Fibroblast, 47, 52, ”5 
— subdivisions of, 50 
Fibrocartilage, 69 
Fibrochondria, 47 
Flagellate motion. 17 
Flagellum, 17 
Flemming, \V., 21, 121 

— stratum germinativum of. 260 
Fol. H.. 2 

Follicle, graafian, development of, 469 

I rupture of, 469 

layers of, 470 

— lymph. Sec Nodule, lymph. 

— nabothian, 482 

—ovarian, antrum folliculi of, 469 

atresia of, 468 

development of, 466 

formation of, 463 

liquor folliculi m, 469 

primary, 467 

— • — primordial, 467 
— —vesicular, 469 
Folliculin, 461, 529 
Foramen creum, 330 
Foramen caecum linguae, 237 
Fuchsinophil bodies. See Cell, Russell-body. 
Fundus, of sudoriparous glands, 267 
— of fundic glands, description of, 340 
Funiculus, 140 


Galactin, 498 

Gallbladder, 396-397 

— absence in certain animals, 397 

— blood supply of, 397 
— coats of, 396 

— ducts of, 397 

— mucous glands of, 396 
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Epithelium, contimicd 
— germinal, of ovary, 463 
-goblet-cell, 35, 39-41 

— lamina propria and, 34 

— mesenchymal, 37 

— membrana propria and, '34 

— neuro-, 35, 41 . 

— non-strati Tied, 32, 35, 36 

— pyramidal, 35, 39 

— replacement of cells in, 33 
—simple, 3--35« 3 ^ 

— squamous, 35, 36, 37 
pavement, 35. 36 

— stratified, 32, 33, 36, 42-46 

squamous, 42, 235 

of skin, 258 

— terminal bars in. 34 

— transitional, 36, 45 
Epitrichium, 266 
Eponyclnum, 269 
Epoophoron, 490 

Erectile tissue, venous spaces of, 183 
Ergastoplasm of Cade, 341 
Erythroblast, 215 
Erythrocyte, 197 

— developmental stages of, 215 
—of invertebrates, 216 

— of submammaltan forms, 217 
Erj-thron, elements of, 194 

— proportion of body weight, 194 
— volume of, 194 
Erytliroplastid, 195-197, 215 
Esophagus, 335-338 

— epithelium of, 338 

— extent of, 335 

— mucous coat of, 337 

— muscular coat of, 337 

— outer fibrous coat of, 335 

— submucous coat of, 336 

— superficial glands of, 338 
Estrin, 461 

Estrone, 498 
Euchromosomes, 433 
Exoplasm, 6, 464 
Eye, 570-618 

— anterior chamber of, 585 

— anterior ciliary arteries of, 610 

— appendages of, 612-618 

— artena centralis of, 604 

— blood vessels of, 608-611 

— choroid coat of, 579 

— ciliary body of, 580 

— cornea of, S72'S77 


Eyfc, coiilmtcd 
— crystalline lens of, 605 
— development of, 587 
—external coat of, 572-579 
— cyeliall of, 571 

— fibrous tunic of, 572 
—globe of. See Eyeball. 

— iiy'nloid membrane of, 607 
—internal coat of, 586-604 

— iris of, 583 

— ^lacrimal gland of, 616 
—lacrimal lake of, 616 
— long ciliary arteries of, 610 
—lymphatic systems of, 611 
—middle coat of, 579-585 
— nerves of, 6ii 
— .nervous tunic of, 586-604 
—ocular contents of, 604-608 
— optic ner\’e of, 603 ' 

—optical axis of, 572 
—ora serrata of, 604 
— posterior chamber of, 586 

— retina of, 586-603 
—sclera of, 577*578 

— sclerocorncal junction of, 578*579 
—short ciliary arteries of, 610 
“^strucluTC of, 570 
—suspensory ligament of, 608 
— vascular tunic of, 579*585 
— visual axis of, 572 
—vitreous liumor of, 606 
Eyeball, structure of, 571 
Eyelid, 612-615 

— blood supply of, 615 

— conjunctival portion of, 614 
—cutaneous portion of, 612 

— development of, 612 
— lymphatics of, 615 
—nerve supply of, 615 

— tarsal glands of, 612 


Fang, of tooth root, 312 
Fascia, 115 
Fasciculus, no, 132 
Fat, composition of, 59 
—histogenesis of, 61 
— globules of, in lymph, 219 
Ferrein, pyramids of, 400 
Fiber, circumgemmal, IS4 
— connective tissue, 47 

collagenous, 47, 56, 170 

elastic, 47 
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Glands, prostate, continued 

blood, lymph, and nerve supply of, 

455 

capsule of, 456 

structure of, 452 

— pyloric, 340 
zones of, 343 

— racemose, 255 

— saccular, branched, 256, 278 
compound, 256 

simple, 256 

— salivary, 364-374 

blood supply of, 373 

lymphatics of, 374 

mixed, 364 

mucous, 364 

mucous acini of, 368 

serous, 364 

serous acini of, 367 

— sebaceous, 278-281 

classes of, 278 

development of, 280 

saccules of, 280 

structure of, 278 

— secreting, 250 
of mouth, 311 

— serous, 255. 329 
of von Ebiier, 330 

— sex, 427 

— splenolymph, 234 

— sublingual, 364 

description of, 372 

— submaxillary, 255, 364 
description, 272 

— sudoriparous, blood supply of, 268 
development of, 268 

ducts of. 267 

— — nerves of, 266 
— — occurrence of, 267 
secreting portion of, 267 

— superficial, of esophagus, 337 

— suprarenal, 498-507 
accessory, 506 

blood supply of, 504 
development of, 506 
diseases of. 507 
function of, 507 
lymphatics of, 506 
Mareband’s, 506 
— — medulla, cells of, 503 
nerves of, 506 
— structure of, 498 
—sweat, 267 


Glands, continued 

— tarsal, of eyelids, 612 

— thymus, 515-519 

blood supply of, 517 

development of, 515, 518 

function of, 518 

lymphatics of, 518 

structure of, 516 

— thyroid. 508-512 

alierrant. 512 

accessory, 512 

blood supply of, 511 

connective tissue framework of, 508 

development of, 511 

foUicles of, 508 

follicular epithelium of, 509 

function of, 51T 

lymphatics of, 511 

nerves of, 511 

— tulmlar. 251 
branched, 255 

compound, 255. 382 

convoluted. 254 

simple. 254 

— tulnilo-acinose, 255 

— upper cardiac, 337 

— urethral. 255. 425 

— uterine, 482 

Gtandula mcsentenca magna, 359 
Glaudul.ie sudoriparae. 267 
Glandulac utcrinac cervicales, 482 
Gl.indulae vestibulares majorcs, 492 
Glamiulae vestibulares niinorcs, 492 
Glaucoma, 578 
Glia, interfascicular, 139 
Glioblast. Sec Spongioblast. 

GHosomes, 138 
Glisson, capsule of, 382, 385 
Glomerulus, nature of, 404 
Glomus, occurrence of, 281-282 
Glomus caroticum. Sec Gland, carotid. 
Glomus, coccygeum Sec Gland, coccygeal 
Glycogen, in lymph, 219 

— in iiepatic cells, 389 
Goiter, 5T2 
Goldschmidt, R., 128 

I Golgi, 123 
— end-organ of, 163 
— intermediate zone of, 541 
— nerve cell classification, 126, 127 
— nerve endings of, 160 
Golgi apparatus, 7, 138, 200 
—in granulocytes, 202 
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Gallbladder, contimted 

— nerves of, 397 

— sinuses of, 397 

— structure of, 396 
Gametogenesis, 431-436 
Ganglion, 117 
— autonomic, 147 
— blood supply of, 147 
-—cardiac, 193 

— cerebrospinal, nerve cells of. 142 
clifTerenti.ation from s>nipathctlc, 417 

— ciliary, 145 

— definition of, 142 

— intercaroticum. See Gland caroticL 

— myenteric, 333 

— otic, 145 

— paiotid, 145 
— peripheral, 127 

— splienopal.atine, 145 

— spinal, nerve cells of, 142, 144 

— structure of, 142 

— sublingual, 145 

— submaxillnry. 145 

— sympiithetic, ner\e cells of. 142 
cell types of, 147 

— sympathetic, differentiation from ccrebro- 

spin.al, 147 

— vertebral, 145 
Gemmules, 125 
Germ cells, 43t 

Germinal center of Flemming, 228 
Germinal spot, of ovum, 464 
Gibbes, H., 233 
Gigantism, 529 
Giraldes, organ of, 457 
Glands, 250-257 

— anterior lingual, 33 

— apocrine, 254 

— areolar, of Duval, 495 

— Brunner’s, 255, 357 

— bulbo'Urethral, 255 

— structure of, 456 

— cardiac, of stomach, 344 

— carotid, 519-520 

blood vessels and nerve trunks of, 

520 

function of, 520 

structure of, 519 

ceruminous, of external ear, 619 

— cervical, 482 

classification 0!, 251 

— coccygeal, 520-521 
characterisUcs of, 520 


Glands, coitliiitied 
—coiled, 255 

— compound tubulo-alvcolar, 255 
— Cowper’s, 255, 456 
— cytogenic, testis as, 437 
— ductless, 257, 498 
—duodenal, 255, 357 

-ducts of, 357 

——secreting epithelium of, 357 
—endocrine, internal secretions of. 
498 

—esophageal, variable number of, 336 

— fundic, 340 
—gastric. 340 
—holocrine, 254, 280 
—intestinal, 355 

— lacrimal, structure of, 616 

— Littre’s, 2SS, 425 
— lower cardiac, 338 

— I)Tnph. Sec Lymph node, 
—mammary, 492-498 
— — active, 493 
— — blood vessels of, 497 
— — lympliatics of, 497 
— — milk of, 497 

nerves of, 497 

resting, 495 

structure, 492 

— marrowlymph, 234 
—meibomian, 612 
— merocrine, 2^4 
— mixed, 252 

— morphologic types of, 254 
— mucous, 255, 329, 396 
— of Bonnet, i 
—of Harder, 618 
— of Licberkuhn, 355 

— of Moll, 6 i2 

— of Montgomery, 495 

— of Tyson, 461 

— of Zeiss, 612 

— palatine, 364 

— parathyroid, 512-515 

blood supply of, 515 

function of, 515 

structure of, 512 

— parotid, 25s, 364 
description of, 370 

— peptic, 340 

— physiologic types of, 252 

— pineal. Sec Epiphysis cerebri. 

— pituitary. See Hypophysis cerebri. 

— prostate, 452 
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Henie, cotilimicd 
— -tubule of. 408 
Henson, cells of, 644 
—disk of, 93 
Heparin, 204 
Herbst’s corpuscles, 159 
Hert^vig, a 

Heterochroniosome, 433 
Heterophil, 202 

Hewlett, superficial glands of, 337 
His, 148. 190 

— atrio\entricular bundle of, 97, i 
192 

Hi'^an-, 463 
Histogenesis, I, 27-29 

— stages in, 27 
Histologj*, animal, i 

— definition of, i 

— historical de\clopment of. i 

— relation to other biologic sciences, 2 
Hormone, adrenotropic, 529 

— diabetogenic, 529 

— follicle stimulating, 529 

— gonadotropic. 529 

— hematopoietic, 539 
—luteinizing, 529 

— mammotropic, 539 

— neuronal, 193 

— of endocrine glands, 257 

— of liquor folliculi, 461 

— thyrotropic, 529 
Hou-ship, lacunae of, 79 
Humor, aqueous, 604 

— vitreous. 606 
Huxley, layer, 274 
Hyaloplasm, 6, 121 
Hydrogel, protoplasm as. 3 
Hydrosol, protoplasm as, 3 
Hymen, 492 
Hypernephroma, 506 

TT ..->n 

tissue. 

Hyponychium, 269 
Hypophysis cerebri, 522-530 
— blood supply of, 528 

— description of, 522 

— function of, 529 

— hormones of, 529 

— infundibulum of. 524 

— nerve supply of, 528 

— pars buccahs of, 525 
pars distalis of, 535 


Hypophysis cerebri, conlimu'd 
■ — —pars juxtaneuralis of. 525 
— pars neuralis of, 524 
Hypopituitarism, 529 


Irliosonie. characteristics of, 441 
Ilcutn. 350 

Implantation cone, 125 
Incus. 625 
Infantilism, 529 
Inokommata. 94 
Insulin, 381 
Inicrfil.ir mass, 6 
Interkinesis, 21 
Interrenalin, 507 
Intestine, large, 361-364 

coats of, 361 

colic valve of. 364 

ileocecal >al\c of. 364 

lining epithelium of, 362 

h-mphotd tissue of, 362 

mucous membrane of. 363 

— — ner%e supply of, 362 

sections of, 36r 

— tcni.ae (lineae) coli of, 361 

sacculaiions of, 361 

vascular supply of, 363 

— small. 349-361 

absorption into, 359 

blood supply of, 358 

extent of, 349 

glands of. 355 

lacteals of, 359 

lining epithelium of, 351 

Ijanphatics of, 359 

mucous membrane of, 351 

segments of, 349 

serous coat of, 350 

submucosa of, 350 

villi of, 354 

Invertebrates, blood of, 216 
— erythrocytes of, 216 
— hemocytopoietic organ of, 216 
— lymphocytes of, 216 
lodopsin, 601 
Ins, 5S3-5S5 

— external epithelium of, 583 

— fibrous stroma of, 584 

— internal epithelium of, 585 
— structure of, 583 
Irritability, 15 

— property of protoplasm, 16 



INDEX 


674 

Golgi preparations, of glia cells, 134 
Gonad, 427 
Gonadokinin, 529 
Gonocyte, 467 

Grandry’s corpuscle, 159 ' 

Granule, chroniafTui, in adrenals, 503 
— glycogenic, in hepatic cells. 389 
— J, in muscle, 99 

— inelanic, 260 

— Nissl, of nerve cells, 119. 147 

— of granulocytes of blood, 201 

— pheochrome, 507 

— pigment, 260 

— prozymogen, 341 

— zymogen, 341 
Granulationcs araclinoidalcs. See Arachnoid 

villi 

Granulocyte. 198 
— basophilic, 2or, 214 

— eosinophilic, 201, 214 

— fornuation of, 216 
——in lower vertebrates, 216 

— neutrophilic, 201 

—— polymorphonuclear, 213 

— staining of, 201 

— varieties of, 199, 20t 

Ground substance, homogeneous, 121 

— in areolar tissue. 56 

— in cartilage, 67 

— in dense elastic tissue, S9 

— in dense fibrous tissue, 58 
Guard cells, 37 


Haeckel, 19 
Hair, 271-278 

— development of, 271 

— matrix of, 271 

— mature, development of, 273 

— medulla of, 273 

— regeneration of, 278 

— root sheath of, 273 
dermal, 277 

epidermal, inner, 274 

outer, 276 

Hair bulb, 271 
Hair canal, 271 
Hair column, 271 
Hair cortex, 273 
Hair follicle, 273 

atypical portions of, 277 

Hair germ, 271 
Hair papilla, 271, 278 


IIa 1 r root, 273 
— structure of, 274 
Hair shaft, structure of, 273 
Haversian canal, 81 
Haversian spaces, 79 
Haversian system, 72, 79 
Heart, 187-193 
— hlood vessels of, 192 
— development of, 192 
— endocardium of, 187, 188 
— epicardium of, 187, 188 

— myocardium of, 187 
— nerve supply of, 193 
-stimuli of action of, 193 
— valves of, 189 

— wall of, 187 
Heart beat, 93 
—myogenic theory of, 93 
-neurogenic theory of, 93 

— origin of impulse to, 192 
Held, 119, 123 

— neurosomes of, I2X 

Henttgonium. 203 

Hcnwl node. See Hemolymph node. 

Hcm.ttin, 204. 205 

Hematoidin, 205 

Hematology, comparative, 216-217 
Hemcrythrin, 216 
Hemin, 204. 205 
Hemobiast, 203 
Henioconia, 195, 197 
Heinocyanin, 216 
Hemocytoblast, 203, 248 
— characteristics of, 206 
— comparative hematology of, 217 
Hemoglobin, 196, 204-205 

— characteristics of, 204 
premohistioblasts, 248 
HemolyTTiph node. 233-235 
— location of, 233 

— peripheral blood sinus in, 234 
— rarieties of, 234 

— theories of, 235 
Hemolysis, 197 
Hemopliage, 204 
Hemopoiesis, 205-211 
Hemopoietin, 329 
Hanosiderm, 205 

Henie, fenestrated coat of, 169, 174 

— fiber layer of, in retina, 593 
— layer of, 276 

— loop of, 409 

— sheath of, 128, 140 



Lipoblast, 6o 

Littre, glands of, 255. 425 
Liver, 382-393 
—blood supply of, 392 

peculiarities of, 394 

— cells of, 385 

fat globules in, 389 

hepatic, structure of, 388 

intracellular apparatus in, 389 

pigment of, 389 

— connective tissue of, 385 

— function of. 392 

— Glisson's capsule of, 382, 385 

— lobules of, 383 

— lymphatics of, 39S 

— nerves of, 395 

— portal canals of. 390 

peculiarity of, 391 

^structure of, 382 
— table showing circulation in, 395 
Lobule, hepatic, 383 
—■—blood of, 386 

structure of, 383, 386 

— of lung, structure of, 302 
—primary pulmonary, formation of. 300 

— pulmonary, 302 

— renal, characteristics of, 4^' 

Loop of Henle, structure of. 409 
Lung, 294-309 
— alveoli of, 298 
— blood supply of, 303-306 
—bronchi of, 294 
—bronchioles of, 296 
— lobule of, 302 
— lymphatics of, 307-308 
— nerve supply of, 308 

— pleura of, 304 

— relation of mast cells to, 309 

— relation of megakaryocytes to, 308 
Lunula, of nail, 270 

Lutein, 470 
Luteosterone, 462 
Lymph, 218 

— cells of, 218, 231 

— circulation of, 220 
— coagulation of, 220 

— fat globules in, 219 

— glycogen in, 219 

— supply of, in spleen, 244 
Lymph node, 228-233 

— blood vessels of, 232 

— cells of, description of, 231 
— cortex of, 229 


INDEX 

Lymph node, cofttmucd 

— development of, 233 
— afferent lymphatic and, 229 

— function of, 233 
— medulla of, 230 
— occurrence of, 228 
— reticulum of, 230 
— structure of, 229 
— variation in, 231 
Lymph nodule, 227-228 

— in lingual tonsil, 237 

— lymph cells of, 228 
— occurrence of, 227 

— structure of, 228 
Lymph ve'^sel, afferent, *229 
Ljmphatic system, 218-248 
— development of, 223 

-relation of veins to, 223 

theories of, 223 

— di'isions of, 218 
— of e>e, characteristics of, 611 
Lymphatics, 220-224 
— blood vessels of, 222 

— ner\es of, 222 
— of bones, 76 

— of e>elid, 615 
I — of kidney, 416 

— of liver, 395 
—of mammary gland, 497 
— of rnlddlo ear, 628 
—of muscle, 113 

— of ovary, 474 

— of oviduct, 478 

— of pancreas, 382 
— of salivary glands, 374 
— of small intestine, 359 
— of stomacli, 348 
— of suprarenal gland, 506 

— of thymus gland, 518 
— of thyroid gland, 511 
— of uterus, 483 
— pulmonary, 307-308 

composition of, 307 

course of, 307 

— tunica adventitia of, 222 
— tunica intima of, 222 

— tunica media of, 222 
Lymphocyte, 198 

— description of, 199 

— fate of, 218 

— in lymph, 218 

— in lymph node, 230 

— of birds, 217 
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Jacobson, organ of, 287 
Jaundice, action of bile in, 392 
Jejunum, 349 
Joints, types of, 85 


Karyolymph, 4 
Karyoplasm, 4 
Karyosome, 5 
Kataphase, 21 
Keith, 192 
Keratin, 44, 46 
— of epidermis, 258, 263 
Keratohyalin, 44, 262 
Key-Retzius corpuscles, 159 
Kidney, 398-425 

— blood supply of, 413 
—•characteristics of, 398 
—connective tissue of, 402 

— cortex of, 398 

— excretory passages of, 418 
—lobule of, 401 

— lymphatics of, 416 
— medulla of, 398 
— nerves of, 497 

— papillary ducts of, 412 

— table of circulation in, 416 
— topography of, 398 

— tubules of, 402 

arched collecting, 411 

ascending limb of Henle’s, 409 

corpuscle of, 404 

descending limb of Ilenle’s. 408 

distal convoluted portion of, 410 

— — loop of Henle of, 409 
neck of, 407 

proximal convoluted portion of, 407 

straight collecting, 411 

Kinoplasm, 6 
Kolliker, areas of, 100 

— columns of, 100, no 

— interstitial granules of, 94, loi 
Krause, disk of, 93 

— end-bulbs of, 461 

— ground membrane of, 93 
Kuhne, axolemma of, 129 


Labia majora, structure of, 491 
Labia minora, structure of, 491 
Labra glenoidalia, 86 

Lacteal, entrance of fat particles into, 360 
Lactic acid, in muscle, 107 


L.'icuna, 68, 73 
—of Ilou'sliip, 79 
Lamellae, circumferential, 74 
—concentric, 72 
—endosteal, 72 

—external circumferential. 72, 79 
— groiiiul. See Lamellae, interstitial. 

— liaversian, 73 

— internal circumferential, 72, 81 
-interstitial, 72, 73, 81 
—periosteal, 72 

Lamina muscularis mucosae, 250 

— in alimentary canal, 334 
—in esophagus, 337 
—in ileocecal valve, 364 
—in lung, 74 

Lamina (tunica) propria, 34, 169 
—of alimentary canal, 334 
— of serous membranes, 224 
Lamina vasculosa testis, 436 
Laiigcrbans, ccntro-acinosc cells of, 376 

— islands of, 378 
Lantaninc, 5 
Lanlermann, 129 
—Schmidt', lines, 129 

: Larynx, 291-292 

—blood vessels and lymphatics of, 292 
—cartilages of, 291 
—epithelium of, 2gx 
—lamina propria mucosae of, 291 
—mucous membrane of, 292 
— muscles of, 291 
— structure of, 291 

— vocal cords of, 292 
Larj-ngopbarynx, 334 
Lecithin, 19S 
Lemmocyte, 131 
Lens, crystalline, 605 
— capsule of, 605 

— epithelium of, 605 

— substantia lentis of, 605 
Lenticular gland, 346 
Leptomeninx, of meninges, 565 
Leukocyte, 51 

— divisions of, 198-204 
Leydig, interstitial cells of, 444 
Lieberkuhn, crypts of, 254 

— glands of, 355 
Ligament, liS 

— of auditory ossicles. 626 
Ligamentum denticulatum 568 
Lingual septum, 325 
Lintn threads, 5 
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Afesotfielj'uin, 35, 36, 37 
— of epicar<i/um, 188 

— of serous membranes, 224 
Mesovarium, 462 
Metabolism, t 5 

— definition of, 16 
r.fetaphase, 2i, 23 
Metaplasm, 6 

Metchnikoff, macropbaffcs of, 215 
MicrojjHa, 137, 150 
Microphage, neutrophils as, 202 
Microsome, 6 
Mid-body, 26 

Milk, from mammary glands, constituents 
of 497 

Mitochondria, 7, 47 
— chemical composition of, 9 

— description of, 7 

— functions of, 7 
— gliosomes as, 138 

— in epithelium of bronchial tree, 298 
—in ganglion ceils, ist 
— in granulocytes, 202 

— in hepatic cells, 389 

— in pancreas, 378 
Mitome, filar mass, 6 
■^Sec also Spongioplastn. 

Mitosis, cell division by, 19 

— duration of, 26 
—maturation, 2t 
—phases of, 2i'26 
Moderator bands, 190 

• Monaster stage, chromosome arrangement 
m. 23 

Monocyte, derivation of, 50 
— description of, 200, 212 

— function of, 200 

— proportion of, in leukocyte total, 200 
— reninudear, 198 

— spheronudear, 198 
Montgomery, 439 
Morphogenesis, 29 
Sfotility, ameboid, 16 
—ciliary, 17 
—circulatory, 17 
—molecular, 17 
—muscular, 18 

‘Motor area of cerebrum, 559-561 

— inner polymorphous cell layer of, 559 
large pyramidal cell layer of, 559 

—molecular layer oi, 559 
—outer polymorphous layer of, 559 
small pyramidal cell layer of, 559 


Mouth, 310, 311 

— lamina propria of, 310 
— I>inphoid tissue of, 310 
— -mucous membrane of, 310 
— secreting glands of, 311 

— submucosa of, 310 
3fucin, 54 
3{ucosa, 294 

— of bronchi, 294 

— of gallbladder, 396 

— of renal pelvis and ureter, 418 ^ 

— of uterus, 480 

Mucus, description of, 252 

3f«ller, fibers of, 598 

Muscle, adult, replacement of, 104 

— arrector pili, 271 

— blood supply of, 112 

— cardiac. 91 

— — intercalated disks of, 94 
— — ner\e endings in, 165 
— — origin of, 91 
—ciliary, 582 

circular fibers of, 582 

— — meridional fibers of, 582 
——radial fibers of, 582 
— -contraction of. J06 
— -involuntary, 87 

— motor end-organs of, /r3 

— nerve endings in, 160 
— nerve supply of, 113 

— papillary, 190 

— red, 103 
— skeletal , 9S 

development of, 102 

— smooth, 87 
— - — border fibrils of, 88 

distribution of, 89, 90 

, histogenesis of, 88-91 

intercellular bridges of, 88 

, — —nerve endings in, 165 
— —structure of, 88-91 
, — sphincter, 339 
' — spindles of, 113 
, — stapedius, 626 
— tensor tympani, 626 
— tonus of, 165 
— trachcalis, 294 
— transitional, 107 

I — types of, criteria for distinguishing, iii 
— .voluntary, 87 

— voluntary striped. Sec Muscle, skeletal. 
— white, 103 

Muscular contraction, 106-112 
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Lymphocyte, contutued 
— of fis!)cs, 216 
— 'Of invertebrates, 216 
— ’reticulo-emlothelial system and, 217 

— significance of, in hemopoiesis, 210, 217 
— varieties of, 199, 212 

— views of function of, 200 
Lymphoid tissue, 31 

— Sec also Tissue, lymphoid. 

Lymph vessels, 220-224. also Lym- 
phatics. 

—smaller, 222 


Macroglia, 137 ' 

Macrophage, 51 
— description of, 215 

— varieties of, 215 
Macula lutea, of retina, 599 
Malleus. 625 

Malpighian bodies. 400, 404 
M.tntle fibers, activity in anapliase, 26 
Marrow. See Bone Marrow. 

Marrow cavities, primordial, formation of, 
78 

Matrix. See Cartilage, matrix. 

Maturation. See Gametogenesis. 

Mazzoni, Golgi*, corpuscles, 160 
McWhorter, 185 
Meckel's diverticulum, 361 
Medulla, of cerebellum, 554-553 
— of kidney, 398 
■ — of lymph nodes, 230 

plasma cells of, 231 

structure of, 230 

Megakaryocyte, 198 

— characteristics' of, 203 
Megaloblast, 2x5 
Meiosis, 21 

Meissner, touch corpuscles of, 155 

— plexus, 333 
Merabrana flaccida, 625 
Membrana raedullaris, 72 

Membrana preformativa (of Raschkow), 

324 

Membrana propria, 34 

Membrane, anterior homogeneous, of eye, 
574 

— basement, 249, 250 
of derma. 264 

connective tissue, of larger veins, 181 

of small veins, 181 

of venules, 180 


Membrane, conliitucd 
— cuticular epithelial, 320 
—dent'll cuticular (of Nasmyth), 322 
— external clastic, 170 

— fenestrated, 169 

— fibro-clastic, 17a 
—hyaloid, 607 

— internal elastic, 169, 170, 183 
-mucous, 249-250 
— — gastropncumonic, 249 
— genito-urinary, 249 
—location of, 249 
—of alimentary' canal, 334 
—of gallbladder, 396 
— —of large intestine, 362 

of nasal cavity, 285 

— mucous, of sm.all intestine, 351 

of tongue, 327 

— —of trachea, 293 
— peridental, 318 
— Schneiderian, 285 
— serous, 224-226 
—lamina propria of, 224 
— mesothclia! lining of, 224 
— —parietal layer of, 224 

visceral layer of, 224 

— Shrapnell’s, in ear, 625 
— synovial, 86, 226 
— tympanic, 623 
—vitelline, 464 
Meninges, 563-568 
— arachnoid of, 565 

— dura mater of, 563 

— pia mater of, 566 
— spaces of, 567 
Menisci, 86 

Menstruation, phases of cycle in, 484 

— uterine changes in, 483 
ftferkel, 99 

— corpuscles, 159 

— tactile cells of, 151 
Mesenchyma, 31, 36, 37, 47, 67 
— blood development and, 206 
Mesenchymal epithelium, 37 
Mesenchyme. See Mesenchyma. 
Mesoblast. See Mesoderm. 

Alesoderm, 27 
— derivatives of, 28 
Mesoglia, 137, 150 
Mesonephric duct, 427 
Mesonephros, 427 
Mesophase, 21 
Mesophragma, 93 
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Nervi nervorum, 141 
Nervous system, 536-569 

— autonomic, 146 

components of, 146 

— blood supply of, 568-569 

— central, 117 
neuropil of, 133 

supporting tissues of, 137 

— cerebrospinal, 117 

— conceptions of, 147 

— cranial autonomic, 146 

— development of, 536-541 
— enteric, 146 

— involuntary, 146 

— neuron theory of, 149 

— peripheral, 117 

— sacral autonomic, 146 

— sympathetic division of, 117 
three sets of ganglia in, 145 

— sympathetic proper, 146 

— \egctative. See Nervous system, autono- 
mic. 

Net knots, 5 

Neumann, dentinal sheath of, 316 
Neuraxis. See Axon. 

Neuraxon Sec Axon. 

Neurilemma, 137, 129, 143 

— myelinated fibers with, 128 

— myelinated fibers without, 131 

— structure of, 131 

— unmyelinated fibers with, 132 
Neurite. See Axon. 

Neuroblast, 537 
— mitochondria and, 149 
Neurocyte, iig 

— mitochondria and metabolism of, 122 
Neuro-epithelium, 32, 152 
— of nasal cavity, 288 
Neurofibrils, 128 
Neuroglia, 117, 131, 143 
—elements of, 134 
— -fibers of, and glia cells, 135 

— occurrence of, 135 
— ^terminology of, 137 
Neurokeratin, 129 
Neuron, 117 

— association, 127 

— cell body of, 117 
—central portion of, 133 

— commissural, 127 

— distal portion of, 133 
■ — divisions of, 117 

— endogenous, 127 


Neuron, continued 
— exogenous, 127 
— extrinsic, 127 

— fibrils of, 122 
—ganglionic, 142 

— intrinsic, 127 

— non-replacement of, 122 
— origin of, 149 

— projection, 127 
— types of, 126 
Neuron theory, 149-150 
Neuropil, 133 
Neuroplasm, 117 
—.mitochondria in, 121 

— of Schiefferdecker, 128 
Neuropodia, 126 
Neutrophil, 201 

— characteristics of, 202 
Nissi, 118, 119 

— granules of, 119, 147 

— stain of, 120 

— substance, 118, I20 

stalnable, 118 

unstainable, 118, 120 

Node, hemolymph, 233-235 
—lymph, 228-233 

— sino-atrial, 192 
Nodule, agminate, 351 
structure of, 351 

typhoid infection of, 353 

—lymph, 65, 227-228 
— solitary, 351 
I — —structure of, 351 

— splenic, 240 

' Normoblast, 215 
Nose. See Nasal cavity. 

Nuclear cap, 464 
Nuclear sap, 4 
I Nuclear wall, 4 
Nuclein, nucleus, 119 

— tigroid, 119 
Nucleolus, function of, 5 
— in amitosis, action of, 19 
Nucleoplasm, 4 

— achromatic, 118 
NucleO'protein, 119 

Nucleus I, 4, 132 

— accessory, 464 

— division of, by amitosis, 19 

— resting, 21 

— structure of, 4 
— yolk, 464 

Nnhn, anterior lingual glands of, 330 
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Muscular tissue. See Tissue, muscular. 
Myelin, 129 

— function of, 129 
Myeloblast,^ function of, 212 
Myelocyte, 21 1 

— common nsaj’e of term, 2ii 

— divisions of, 211 
Myeloplax, 203 

— description of, 214 
Myoblast, 87, 92, 102. 

Myocardium, 187 

— motor nerve fibers to, 193 
Myocitondria, 88 
Myofibril, 87, 92 

— differentiation of. 93 

— in skeletal muscle, too 

— relation to tendons, 115 
— types of, 88 
Myometrium, of uterus, 479 
Myotome, 102 


Naseli, 52 
Nail, 269-271 
— development of, 271 
— divisions of, 269 
— epotvychium of, 269 

— finer structure of, 269 

— growth of, 270 
— hyponychium of, 269 

— stratum germinativum of, 270 

— stratum lucidum of. 269 
Nail bed, 270 
Nail body, 269 
Nail groove, 269 
Nail matrix, 270 
Nail root, 269 
Nares, 285 

Nasal cavity, 285-290 

— divisions of, 285 

— olfactory portion of, blood vessels of, 

290 

lymphatics of, 290 

structure of, 288 

— respiratory portion of, 286 

organ of Jacobson and, 287 

structure of, 286 

— vestibule of, structure of, 285 
.Nasopharynx, 334 

— pharyngeal tonsil and, 290 

— structure of, 290 
Nebenkem, 377 
Nephron, 411 
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Ncr\'c, acoustic, 645 
—cerebrospinal, 113 
— glossopharyngeal. 331 

of parotid gland, 374 

— hypoglossal, 331 
—of 7G 
— of connective tissue, 65 
— of cornea, 576 
—of eye, 6ri 
— of eyelid, 615 
— of large intestine, 363 
— of lungs, 308 
—of niammarj’ glands, 497 
— of ovary, 474 
—of pancreas, 382 
—of renal pelvis and ureters, 421 
—of salivary glands, 374 
— of sclera, 578 
—of small intestine, 359 
—of spleen, 244 
— of stomach, 348 
— of suprarenal glands, 506 
— of thyroid glands, 511 
—of tongue, 331 
— of uterine tube, 479 
— of uterus, 483 
—ophthalmic branches of, 6ti 
—optic, 603 

— palatine, 332 
—renal, 497 
—sympathetic, 113 
— trigeminal, tongue and, 331 

— tympanic, 374 
— unmyelinated, of liver, 395 
Nerve cell. Sec Cell, nerve. 

Ners-e ending, encapsulated, 155 

— free sensory, 155 

— in connective tissue, 155 

end-bulbs, 157 

Ruffim’s end-organs, 156 

tactile corpuscles, 155 

— in epithelium, 151 

— in muscle, 160 

— in tendon, 163 

— intra-epithelial, 151 

— sensory, 162 

— sympathetic vasomotor, IS5 
Nerve fiber. See Fiber, ner\e. 
Nerve trunks, in bronchi, 308 

— of skin, 283 

— structure of, 140 
—vascular supply of, 141 
Nervi erigentes, 461 
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PapUUe, contutKcd 
— tactile, 264 
— vascular, 264 
Paradidymis, 457 
Paraganglia, 521-522 
— characteristics of, 52: 

ParagangHon caroticum, 520 
Parahypophysis, 528 
Paralinin, 5 
Paramecium, 3 
Paramitome, 6 
Paraplasm, 6 
Parat, 9 

Parathormone. 515 

Parathyroid. See Gland, parathyroid. 

Pareleidin, of epidermis, 261, 263 

Parenchyma, 194 

Paroophoron, 490 

Parovarium, 490 

Pars convoiuta, of Jtidney, 400 

Pecten, 364 

Pelvis, renal, and ureters, 398 

blood supply of, 42t 

— — lamina propria of, 419 

lymphatics of, 421 

— —mucosa of, 418 

muscular coat of, 420 

— — nerves of, 421 
Penicillus, of Ruysch, 241 
Penis, corpora cavernosa of, 459 

— corpus spongiosum of, 458 
— erectile tissue of. 458 

blood supply of, 459 

— glans, skin of, 461 

— lymphatics of, 461 
— nerv'cs of, 461 
Pepsin, 341 
Pericardium, 193 

— nerve endings in, 193 
Pericementum, 318 
Pcridiondrium, 67, 69 
Periderm, 266 

Perimetrium, of uterus, 479 
Perimysium, no 
Perineurium, 140 
Periosteum, 71, 77 

— osteotomy and, 84 
Periosteum internum, 72 
Peritendineum, 114 
Peyer’s patches, 351 
Phagocytes, 50 

— derivation of, 50 
— names applied to, 51 


Pharynx, divisions of, 334 
— mucous membrane of, 334 
— muscular coat of, 334 
— tunica 6brosa of, 333 
Pia mater, of meninges, 566 
Pigment, in cylindrical cell layer of skin, 
260 

— in epithelial cells of retina, 588 

— in nerve cells, 588 

Pigment cells, 52 

Pigmentophages, 274 

Pineal body. See Epiphysis cerebri. 

Pituitary anterior, 523 

Pituitary body. See Hypophysis cerebri. 

Pituitrin, 529 

PLisma, 194 

— blood, of invertebrates, 216 
— escape of, 220 

— fibrin of. 194 

Plasma cel). Sec Cell, plasma. 

I Plasmosome. 5 
: Plasmosin, 1 1 
Plastid, 6 

Plastosome. Sec Mitochondria. 

Pleura. 301-302 
— blood \esseh of, 302 

— layers of, 301 

— roesothclium of, 301 
— nerves of, 303 

— structure of, 301 
Plexus, Auerbach's, 33 

— capiH.aty, 179 

— cardiac, 145 
— celiac, 145 

— coronal, 193 
— cutaneous, 281 
— endocardial, 193 
— epicardial, 193 
— epilemmal, 374 

— hypogastric, 145 
— lymphatic, 122 
in corium, 282 

— Meissner’s, 333 
—myenteric, 145, 333 
— nerve, 141 

— pampiniform, of spermatic cord, 183 
— pelvic, X45 
— prevertebral, 145 
— semilunar, 145 
—solar. 145 
— sub-epithelial, 154 
— submucous, 145, 333 
— terminal, 145 
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Odontoblast, formation of dentin by, 325 
— structure of, 313 
Odontoclast, 325 
Olifiodendroglia, 137, 143 

— divisions of, 139 
— structure of, 139 
Olioglia. X37, 138 
Oocytes, primary, 466 
— 'Secondary, 466 
Oogenesis, 431 

— process of, 435-436 
Oogonia. 466 
Ootid, 466 

Ora serrata, 604 
Organ, enamel, 321 

— gxistatory. See Taste bud. 

— hemocytopoietic, of invertebrates, 216 
in cyclostomes, 216 

in fishes, 216 

— of Girald&s, 457 
— of Jacobson, 287 

— of Rosenmuller, 490 

— of Zuckerkandl, 521 

— olfactory, 287 

— vomeronasal, of Jacobson, 287 
Ossicle, auditory, 625 

— — ligaments of, 626 
— — muscles of, 626 

structure of, 625 

Ossification, centers of, 77 
— enchondral, 77 

outline of stages of, 83 

—epiphyseal, 82 

— intracartilaginous, 77 

— intramembranous, 77, 83 
— perichondria!, 79 
Osteitis fibrosa cystica, 515 
Osteoblast, 72, 75, 76, 77 
Osteoclast, 75, 76, 203 
Osteocyte, 73, 79 

Osteogenesis, interpretations of, 84 

— stages of, 85 

Osteogenic layer, function of, 85 

— of periosteum, 71, 77 
Osteotomy, 84 
Ovary, 461-474 

— blood supply of, 473 

— corpus luteum of, 470 
— ^ cortex of, 463 

development of follicle of, 466 

.function of, 46^ 

— .hilus of, 462 
hormones of, 461 


Ovary, eonliuucd 
— lymphatics of, 474 
— mctlulla of, 463 
—nerves of, 474 
— ova of, 464 

— second.iry internal secretion of, 462 
— structure of, 462 
—variation in appearance of, 463 
Oviduct. Sec Tube, uterine. 

Oviih nabothi. Sec Follicle, nabothian. 
Ovum, 464 
—cytoplasm of, 464 
—nucleus of, 465 

mitosis of, 466 

—structure of, 464 
OxycJiromatin, s 
Oxyhemoglobin, 204 


Pacdiionlan bodies. See Arachnoid, villi of. 
Pachymeninx. See Dura mater. 

Pacini, corpuscles of, 156 
Palladino, 471 
Pancreas, 

—acini of, structure of, 375 
— blood supply of, 382 

— formation of, 375 
— lymphatics of, 382 
—nerves of, 382 

— of Aselli, 359 
—pancreatic islets of, 378 
— — function of, 38: 

—regeneration of, 381 

— resume of, 382 
— structure of, 375 
Paneth, cells of, 356 
Panniculus adiposus, 59, 265 
Papillae, circumvallate, 329 
— conical, 328 

— connective tissue, 264 
— dental, 319 

origin of, 324 

— filiform, 328 

— foliate, 329 

— fungiform, 328 
— lacrunalis, 616 

— lenticular, 329 
— of corium, 264 
— of finger tips, 156 

— -of hair, development of, 271 

structure of, 278 

— of tongue, 327 
— optic, 603 
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Reproductive system, coiilmucd 

— fetal, table of adult derivatives of, 43 ° 

— sex differences in, 426 
Respiratory system, 284-309 

— composition of, 2S4 
—development of, 285 
Rete testis, canals of, 446 
Retia mirabilia, 179 
Reticulo-endothelium, 75 
Reticulo-endothelial sjstcm of Aschoff, 215 

— composition of, 246 

— function of, 246 
Reticulin, 55 
Reticulum, 47, 53 . 54*55 

— connective tissue, in hepatic lobule, 383 
— of lymph node, 230, 232 
— hniph and spaces of, 229 

— stellate, 324 
Retina, 586-603 

— development of rods and cones of, 601 

— external limitinj' membrane of, 59 * 

— fibers of Muller of, 598 

— fiber layer of Henle of, 593 
— ganglion cell layer of, 597 
— inner nuclear layer of, 594 

— inner reticular layer of, 59 <j 

— inversion of, 602 
— — theory of, 603 

— layers of, 588 

— macula lutea of, 599 

— nerve fiber layer of, 597 
— outer nuclear layer of, 592 

— outer reticular layer of, 596 

— pigment epithelium of, 588 

— rod and cone layer of, 589 

— structure of, 586 

— supporting tissue of, 598 
— yellow spot of, 599 
Retinene, 601 
Retzius, 94 

— contour lines of, 318 
Rhodopsin, 589, 6ox 
RufBni, end-organs of, 156 
Ruysch, penicillus of, 241 


Sac, dental, 324 
Saccule, of internal ear, 629 
Santorini’s pancreatic duct, 375 
Sarcolemma, 88, 100 
Sarcomere, 94 
Sarcoplasm, 87, loi 
Sarcostyle, 94 


Satellite^, perineuronal, 139 
— perivascular, 139 
Schmidt, incisures of, 129, 140 

— Lantermann lines, 129 

Schleiden, Schwann and, cell theory’ of, i 
Schultze, infundibula of, 297 
— prickle cells of, 261 
Schwann, nervous system, theory of, 147 

— nucleated sheath of, 127, 131 
— uliite substance of, 127 
Schueiggcr-Seldel, 94. 242 
Sclera, 577 - 5/8 

— lamina cribrosa sclerae, 578 
— lamina fusca of, 577 

— nerves of, 578 

— structure of, 577 

— substantia propria of, 577 
Sclerocorneal junction, blood supply of, 

579 

— structure of, 578 
Sebum, 278 

Segment, internodal, of ncr\e fiber, 129 

— myelin, 129 
Semen, 442 

Sensibility, eplcritlc. 156 

— protopathetic, isfi 

Sensation, cutaneous, qualities of, 156 
Septum, lingual, 325 

— pectmiform, 459 

— posticum. 565 
Sertoli cells, 439 
Serum, 194 

Schafer, upper cardiac glands of, 337 
Sharpey, perforating fibers of, 74 
Sheath, axial, of muscle spindle, 162 

— connective tissue, 140, 159 
— dentinal, of Neumann, 316 

— medullary, 127, 128 

— myelm, 127, 128, 131, 132 
— nucleated, of Schwann, 127, 131 
— of Heule, 128, 140, 157, 159 

— of Schwcigger-Seidel, 242 
— synovial, 226 

Sherrington’s law of forward direction, 133 
— terminology of nerve end-organs, 167 
Shreger; prism stripes of, 318 
Sinus, accessory, 285 
— poculans, 458 

— prostaticus, 458 

— renal, 398 

— \cnous, of spleen, 241 
Sinusoids, 76, 179 
— capilliform, 393 
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Plexus, continued 
— vascular, 225 

— venous ovarii, 474 

— visceral, 145 
Plicae semilmiares, 361 
Polocytc, 436 
Polyblast, 51 
Polycliromasia, 209 
Polykaryocyte, 214 

Pore, alveolar, tlicori'cs of, 300 

— pleural, 301 
Porus opticus, 603 
Posterior lobe extract, 529 
Primary Jiundles of tendons, 114 
Process, afferent, 125 

— .axis cylinder. Sec Axon. 

— cclUtlifuRal, 126 

— cellulipetal, 125 
— efferent, 126 

— protoplasmic. Sec Dendron. 
Proerythroblast, 215 
Progesterone, 462 
Progestin, 462 

Prolactin, 498 
Prophase, 21 
— divisions of, 2t 
Prothrombase, 194 
—vitamin K and, 194 
Protoplasm, i 

—chemical constitution of, 2 

— contractility of, r6 
— irritability of, 16 

— metabolism of, j6 

— physical constitution of, 2 

— reproduction of, 18 

— structure of, 12-15 
Protoplasmic process Sec Dendron, 
Pseudochromosome, 7 
Pseudopodium, 17 

Pulmonary alveoli, 298-301 

— structure of, 298 
Pulp, dental. 313 
Puncta, lacrimalia, 616 
Punctate basophilia, 209 
Purkinje cells, 551 
Purkinje fibers, 97, 19* 

Pyramid, of Ferrein, 400 

— renal, 398 

zones of, 410 

Rami communicantes, gray, 145 

— white, 145 


Ranvicr, 254 
—cells of, 114 
— clasmalocytcs of, 215 
— endothelial tube of, 114 
— nail matrix of. 270 
I — nodes of, 125, 129, 131, 141 
— study of ganglion cells by, 143 
R.idiccs linguae, 327 
Ratlifcc's poucli, 522 
Rectal columns, 363 
Rectum. lining epithelium of, 363 
Reichert, 204 
Uclaxin, 463 
Reniak, 19 

— fibers of, 132 

Renal columns, of Bcrtini, 400 
Rctwl l.abyrinth, 400 
— diiisions of, 400 
Rcnciihis. 402 

Rcprotluctioii, fcm.ilc organs of, 461*468 
—clitoris, 492 
— epoophoron, 490 
— — external gentt.alla. 49t'493 

— glandiilae vestibularcs.majores, 492 
— iiymcn, 492 

— inlern.il genitalia, 46t-49r 
—labia majora, 491 

labia minora, 491 

—mammary glands, 492-498 
—ovary, 461*474 
—paroophoron, 490 

uterine tulies, 474-479 

— ' — titenis, 479-489 

\agina, 489-490 

\esicular appendage, 490 

vestibule, 494 

vestigial structures, 490 

— male organs of, 436-461 

Cowper’s glands, 255, 456 

epididymis, 448 

external, 458 

internal, 437-458 

penis, 458 

prostate gland, 452 

testis. 437 

vestigial structures, 456 

Reproduction, cell division in, 19 

by amitosis, 19 

by mitosis, 21 

— methods of, 18 

— property of cell, 15 
Reproductive system, 426-498 

— development of, 427-43 1 
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Stripe, continued I 

— of Gennari, s6i I 

Stroma, 194, igO I 

Subcutaneous tissue, 265 
—structure of, 265 

Subcutis Sec Subcutaneous tissue. ; 

Submucosa, of bronchi, 294 

— of small intestine, 350 
— of trachea, 293 

Substance, cliromopliilic, 118, 119 
— myelin, 27 

— Nissl's, 1 18 

— receptor, 163 

— tigroid, 118 

— white, of Schwann, 127 
Sulcus, 269 

— terminalis, of tongue, 327 
Sutura, 86 

Sympathetic system. See Nervous system. 

Sympathin, 193 

S>napse, 125 

SjTiarthroses, 85 

Synchondroses, 86 

Syncytium, 30 

-atrioventricular bundle as muscular, 192 
Sjmdesmoses, 85 


Tables, of bone of skull, 84 
Tactile meniscus, 151 
Tarsus of eyelid, 613 
Taste bud, description of, 152 

— in circumvallate papillae, 329 
— location of, 152 

—nerve fibrils of, 154, 331 
— variety of cells in, 152 
Taste pore, 152 
Teeth, 312-325 
— cementum of, 318 

— deciduous, 320 

— dental papilla of, 324 

— dental pulp of, 313 
— dentin of. 315 

— development of, 319 

— enamel germ of, 321 
— enamel of, 317-318 

— milk, 320 

— permanent, 320 

— structure of, 312 

— temporary, 320 
Teichmann’s crystals, 204 

Tela clioroidea, of pia mater, 567 
Tela subcutanea. See Subcutaneous tissue. 
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Tela suhmucosa, of alimentary canal, 333 

— of small intestine, 350 
— of stomach, 339 
Tcllo, 9 

Telodendrion, 126 
Telophase, 31, 26 
Telophragma. 93 

Tendon, attachment of striped muscle to. 

115 

— blood vessels of, 115 
— cells of, 1 14 

— dense fibrous tissues in, 58 

— lymphatics of, ir 6 

— nerve endings of, IJ5, 163 
Tendon fasciculi, 114 
Testis, 437-44G 

— capsule of, 437 

— function of, 437 

— interstitial cells of Leydig in, 444 
function of. 445 

I —lobules of. 438 
1 —mediastinum, 438 

— rcte, 443 

— seminiferous tubules of, 438 
Tcthelin. 529 

Theca folllculi, layers of, 463 
Tlieelin, 461, 498 
Theelol. 461 
Thorington, 185 
Thrombin, 194 

Thrombocyte. See also Blood platelets. 

— submammalian blood, 217 
Throrobokinase, 194 
Thromboplastid, 198 
Thromboplastin, 218 
Thrombus, 194 
Thymus. Sec Gland, thymus. 

TliyToid See Gland, thyroid. 

Tliyro-iodine, srr 
Thyroxin, 512 

Tissue, adenoid. Sec Tissue, lymphoid 
— adipose, 59-62 
— composition of, i 
— connective, 31, 47-66 
areolar, 55, 170, 188, 524 

— ceIIs»of, 58 

elastic fibers of, 56 

— -fibers of, 56 

ground substance of, 56 

— — blood supply of, 65 

— —cells of, 50 
— • — dense, of skin, 258 
development of, 47 
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Skin, 258-283 

— blood supply of, 281-283 

— citolesterol of, 265 

—cold spot and smooth muscle of, 265 

— cutaneous appendages of, 267-281 

— derma of, 258, 264-265 

— development and growth of, 266 

— epidermis of, 258-264 

— function of, 258, 265 

— layers of, 258 

Sec also Epidermis. 

— lymphatic vessels of, 282 

— nerve supply of, 283 

— sebaceous glands of, 278 

— subcutaneous tissue of, 265 

— sudoriparous glands of, 267 
Smegma, 461 

Sole plate, sole nuclei of, 162 
Solitary cells of Meynert, 561 
Solution, isotonic, for blood, 197 
—hypertonic, 197 
— hypotonic, 197 
Space, epidural, 567 

— mterglobular, in tooth, 315, 325 

— lymphatic capillaries and tissue, 220 

— periaxial lymphatic, 163 

— Prussak’s, 626 

— subarachnoid, 567 

— subdural, 567 
Sperm, formation of, 441 
Spermatid, production of, 439 
Spermatoblast, of von Ebner, 439 
Spermatocyte, description of, 441 
Spermatogenesis, 431 

— stages of, 433-435 
Spermatozoon, formation of, 411 

— human, structure of, 442 

duration of virility of, 443 

Spinal cord. See Cord, spinal. 

Spindle, muscle, 162 

formation of, 163 

motor end-plates of, 163 

— neuromuscular, 162 
— tendon, 163 
Spirem, close, 21, 22 

— loose, 21, 22 

— segmented, 21, 23 
Splenectomy, effect 'of, 245 
Spleen, 239-245 

— aggregate, 216 

blood vessels of. 240 

— capsule of, 239 

— cells of, 244 


Spleen, continued 
— development of, 245 
— dilTercntialion from lympli node, 244 
‘—diffuse, 216 
— disperse, 216 

— functions of, 244 
— lymph supply of, 244 
— ncn'c .supply of, 244 

—of lower vertebrates, 216. 217 
— stnicture of, 239 
— theories of circulation in, 241 
splenic ellipsoids, 211 
I Splenic lolmle. 239 
' Splenic pulp cords, 241 
Spongioblast, 140, 537 
Spongioplasm, 6 
Stapes, 625 
Stigmata, 37, 176 
Stomach, 338-349 
—blood supply of, 347 
— cardiac glands of, 344 
— chief cells of, description of, 341 
— corium of, '345 
— extract of, 343 
—gastric glands of, 340 
—lining epithelium of, 340 
— l>'mpliatics of, 348 
—mucous coat of, 339 
—muscular coat of, 338 
— nerves of, 348 

-parietal cells of, description of, 341 

— pyloric.! g?.!nds of, 343 
— serous coat of, 338 

— submucosa of, 339 
Stomata, 37 

— of epicardium, 188 
— of serous membranes, 222, 224 
Strand, labiodental, 319 
Stratum corneum, 263 

— cylindricum of epidermis, 259 
— disjunction of Ranvier, 263 

— germinativum. of Flemming, 260, 270 

— granulosum, 261 

— intermedium, 266, 322 
— lucidum, 262, 269, 270 

— papillare, 264 

— reticulare, 264 
— spinosum, 261 
— submucosum, 480 

— supravasculare, 480 

— vasculare, 480 
Stripe of Baillarger, 561 
— of Becliterew, 562 
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Tcrcle. cri=ifsrcu5. fo 

cIa-'i-i£ca,::or. of parts c:. 41^ 

dttsoir.cirt: I:r:ti c: Hen!?’s. 4?$ 

ci-'tol ccrvclated portion ct, 4i>> 

ceck cf. aop 

— — papHliry d-cts of. 41^ 

pro-^irtal conTCit::!*^ portfcr. of, 407 

stn'dtt cclltfctin^. 4ti 

of peculiarities. 413 

— serdr.ifercus. 4 c^ 

Tcbcii ccr.tnrti, 443 
Tcbcii recti. 446 
Tunica adipo'^a. 4ca 

Tunica aflventitia. of larger \etns. tSi 

— of ced’tm-siiet! artenes. rpo 

—of srul! vein'. iSt 

— of reruies. 2S0 

TurJca anju^re.”!. in pcrJs. 439 

— of spleen. 239 

—of testis, 437 

Tunica fibrosa, of kidney. 404 

— oculi, 572 

Tunica intitna, of larprer veins. iSi 
—of rretiium-sized arteries. i6S 
—of small veins. iSt 
—of venules, iSo 
Tunica vaginalis testis. 437 
Tunica \-ascuIo?a cculi. 579 
Tympacnm. 5»v Ear, middle. 


Umbo. 624 

Ureter. Sec Pelvis, renal, and ureter. 
Urethra. 424-425 

— female, epithelium of 4.24 

erectile coat of. 424 

urethral glands of. 4-5 

— male, function of. 425 
epithelium of. 425 

■ lamina propria of. 425 

— urethral glands of. 425 
— nerve supply of. 425 
k'rinarj' bladder, 422 
Urinary system. 39S-425 
— parts of, 398 
^/«ne. 398 
Utenis. 479-489 
— 'blood vessels of, 4S3 
-7- cavity of, 482 

— glands of, 4S2 
— gravid, 486-489 

chorionic villi in. 4SS 


6S0 

Cterti«. ccrfz’!:ee-J 
— lymphatics cf. 4S3 
— menstruating, characteristics cf. 4S5 
— nruco<3 cf. 4So‘ 

— mtrscular coat of. 479 
— nerves of. 4?; 

— serccs coat ci. 479 
Utricle, of interr^il ear. 629 
Uvea, cf eye. 570 
Uveal tract, cf eye. 579 


Vagina. 480-400 

— rmcou' trembrane cf. 480 

— trtt-<u!ature of, 48.3 

— outer nbrccs coat cf. 480 
Vagina fibrosi. 114 
Vagina masculi.'uu 45S 
\'alve. ccHc. 364 
— heart. tSo 

— ileocecal. 364 

— of \etas. 184 
— semilunar. 180 
Valvuhe cenniventes. 350 
Vasculogenois, tbecties of. 185 
Va> deferens. 5‘cc Ducrus deferens. 
Vein. 180-184 

— arteries companrd unth. 183 

— atypical, cliaracteriitios of. 182 
— ba>iUc. 1S2 

—bronchial. 305 

— central, ea liver. 394 
— cephalic. 182 

— •cenunoa iliac, 1S2 

— cranial. 283 

— dorsalis penis. 1S2 

— etierent. of adrenal. 505 

— femoral. 182 

— hepatic. 183. 394 

— in ovary. 474 

— interlobular, course of, 304. 30?. 41? 

— Larger. 18 1 

small wn compared with. iS> 

— mesenteric. 182 

— phrenic. 182 

— popliteal, 182 

— portal. 1S2. 303 

— pulmonary. 1S2, 302 
— pulp, of spleen. 241 
— renal, 416 
— saphenous. 1S2 
— small, structnre of. iSi 
— splenic. 182 
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Tissue, connective, continued 

embryonal, 53 

— — fibers of, 47 

— — fibro-elastic. in adventiti.a of lym- 
phatics. 22s 

fibrous, in endocardium, 188 

— in myocardium, 187, 188 

— —loose fibro-elastic. See Tissue, areolar. 

mucous, 54 

— —nerve endinps in, 155 

nerve supply of, 65 

renal, 402 

submcsotliclial, 225 

types of. 52 

— definition of, 30 

— dense clastic, 59 

— dense fibro-clastic, 189 

— dense fibrous, 53, 58 

— clastic. 53. 59 

— —in arteries, 169-172, 192 
in veins, 18 r 

— epithelial, 31, 32-4<5' Sec also Epitlielimu 

— erectile, \enous spaces of, 183. 458 

— fat. See Tissue, adipose. 

— intercellular cement substance of, 30 

— interstitial, 134 

— lymphoid, 31, O3. 227, 229, 230 
——compact, 63 

diffuse, 65 

function of, in lungs, 307 

— muscular, 87 
cardiac, 91 

contraction of striped, 106 

histogenesis of, 88-91 

m gallbladder, 396 

skeletal, 98 

smooth, 87 

structure of, 88-91 

types of adult, 87 

— nervous, 31, 117 Sec also Nerve, etc. 

connective tissue support of, 117 

—reticular, 53, 54-55. I94. 246, 325 

— vascular, 31 

composition of, 168 

— white fibrous, 53 

— yellow elastic, 59 
Tissue juice, 54, 56 

— — lymph derived from, 222 

lymphatic vessels entered by, 220 

Tomes, processes of, 32X 
Tongue, 325, 332 

— blood vessels of, 33° 

composition of, 3^5 ' 


I Tongue, conlinucd 
! — cpitbclium of, 328 
— lingu.al tonsil of, 330 

— lymphatics of, 331 

— lymphoid area of, 327 

— mticons membrane of, 327 

— muscle fibers of, 325 

— nerve supply of, 331 

— {wipillae of. 327-329 

— taste liuds of, 152 
Tonofibrils, 7, 65 

— character of, 9-11 

— erroneous conception of, rx 
Tonsil, 235-238 

—crypts of, 236 

— faucial, 235 
-function of, 238 

— lingual, 237, 330 

— palatine. 235 

— pharyngeal, 238 

— tubal, 238 
Trabeculae of spleen, '239 
Trnchc.i, 293-294 

— blood vessels in mucous membrane 

293 

—cartilaginous coal of, 293 
— c.xtcnt of, 293 

— mucous membrane of, 293 

— submucosa of, 293 

— tracbcalis muscle of, 294 
Tract, fiber, 132 
—nutrition of, 132 
Trefoil plates of Bethe, 151 
Trophic center, 132 
Trophocyte, 439 
Trophospongium, 7, 123, 254 
Trunk, sympathetic, 14S 
Tube, auditory, 626 

— eustachian, 626 

— fallopian. See Tube, uterine 

— neural, derivatives of, 542 

— uterine, 474-479 

blood supply of, 478 

lymphatics of, 478 

mucosa of, 474 

muscular wall of, 477 

nerves of, 479 

serous coat of, 477 

structure of, 474 

Tuberculum impar, 327 
Tubule, unniferous (renal), 339 

arched collecting^. 411 

ascending limb of Henle's, 408 
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Vein, confftiHcrf 

— stellate of Vcflicyn, 4r5 

— suiilobular, in liver, 394 

— sxiprarenal, 182 

— uterine. 182 
— valves of, 184 
— -^cjiuJes of, 180 
-—vitelline, 185 
Veju comitans, 183 
Vena centralis retinae, 603 

— course of, Gog 
Vena cava inferior, 182 
— superior, 183 
Venae minimac, 193 

Venulae rectae, of l,idncy, 4i5-4t6 
Verhoyn, stellate veins of, 415 
Venule, prccnpillary, 180 
— wall of, 180 
Vesicle, Rcrnunal, 464 

— seminal, 450 

function of, 451 

Vestibule, in female jtenitali.i, 491 
— of internal e.ar. O28 
Vibrissae, 285 

Villi, of small intestine, 351 
—structure of, 334 
Virchow, i8 

Vitamin K, prothrombase and, 194 
Vitellus, 464 
Volkmann's canals, 73 
Von Kapffer, ceils of, 2:5 


Verworn. 128 

Von Kbncr, spermatoWasts of, 439 
Von Molii, 1 


Walcleyer, neurone theory of, 149 
Waller, 133 
WeiRert, 134 
Wilson, 98 

Wirsiins's pancreatic ducts, 375 
Witch’s milk. See Colostrum. 
Woffli.an fioi}y, 427 
Wolllian duct, 427 


Y— -cliromosomc, 433 


Zona fasciculata, of suprarenal, 488 
—cells of. sot 

Zona Rlomenilosa, of suprarenal, 498 
— epitlielinm of, 5ot 
Zona pellucida, 464 
Zona reticularis, of suprarenal, 498 
—cells of, 503 

Zonula ciliaris. Sec Eye, suspensory lijjia 
went. 

Zucketkandl, organs of, SSi 


X— chromosome, 433 
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Vein, cOHfiMifcd 

— stellate of Verheyn, 415 

— sublobular, in Hver, 394 

— suprarenal, 182 
— uterine, 182 
— valves of, 184 
— \enules of, 180 

— vitelline, 185 
Vena comitans, 183 
Vena centralis retinae, 603 

— course of, 609 
Vena cava inferior, 182 
— superior, 183 
Venae minimae, 193 

Venulae rectac, of kidney, 415-416 
Verheyn, stellate veins of, 415 
Venule, precapillary, 180 
— wall of, 180 
Vesicle, germinal, 464 

— seminal, 450 

— — function of, 451 
Vestibule, in female jrcnitalia, 491 

— of internal ear. O28 
Vibnssae. 285 

Villi, of small intestine, 351 
— structure of, 354 
Virchow. 18 

Vitamin K, prothrombase and, 194 
Vitellus, 464 
Volkmann's canals, 73 
Von Kupffer, cells of, 215 


Verworn, 128 

Von Ebncr, spcrmatoblasts of, 439 
Von M0I1I, I 


Waldcycr, neurone theory of, 149 
Waller, 133 
Weisert, 134 
Wilson, 98 

Wirsutifi’s pancreatic ducts, 375 
Witch’s milk. See Colostrum. 
Wolffian hotly, 427 
Wolffian duct, 427 


X— chromosome, 433 


Y— chromosome, 433 


Zona fasciculata, of suprarenal, 488 
— cells of, 501 

Zona glomcrulosa, of suprarenal, 49S 
—epithelium of, sot 
Zona pellucida, 464 
Zona reticubris, of suprarenal, 498 
— cells of, 502 

Zonula cillaris. Sec Eye, suspensory Ifga 
meni, 

Zuckerkandl, organs of, 521 
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